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PREFACE. 


Tns  term  UaErnL  Metals  is  applied  in  the  present  Tolame  to  dietingaish  it 
from  ibe  Qobk  or  PitGcioua  Msta^ls  ;  it  aleu  mdicatca  witli  sufficient  esact- 
ttese,  tbo  mctflla  applicable  to  ordicary  industha]  purposiis,  embracing  Iron, 
Copper,  Tin,  Zinc,  Antunonj,  L«ad,  and  theii  varioita  olloya.  In  treating 
of  thes«  metals  and  the  chemictd  piinciples  \vliich  influence  tlteir  coa- 
Ycrsion.  the  Editor  hfts  been  fortnnAte  enough  to  obt&in  the  asgigt^nce  of 
writers  qualified  from  tb^ir  conneotion  with  Metullurgtc  Science,  ciud  with 
practical  working  in  metala,  to  da  ample  justice  to  their  respective  subjects. 

In  order  that  theae  gentlemen  may  be  respon^ble  auly  for  tlieir  own 
Ftat^'ments,  and  that  the  reader  may  bare  Bufficicnt  authority  for  the  several 
processes  ozid  principles  described  and  explained,  a  few  remarks  are  here 
neceseary. 

For  the  Chapterg  on  Metallurgic  Chemiatry  and  AaeBjing,  the  Editor  it 
indebted  to  Dr.  ScoSam,  who  has  funujshed  the  £rst  four  chapters  of  th« 
work,  and  for  tbeee  only  i&  be  re^^pouaible. 

The  Chapters  on  Mining,  Mining  Ventilation,  and  Jurisprudence,  wota 
written  for  the  work  by  a  Government  lusjtector  of  minea,  Tlie  space 
nwrved  for  these  ohapterg  was  DeceBsanly  very  llnUtcd  and  the  subjects 
treated  with  brevity  :  but  brigfas  they  axe,  it  iBb^Meved  that  if  the  rules 
here  laid  down,  were  more  rig^fGUfily.j&Qopteff  i4  ^b^Vaud  other  mines,  Buch 
Aatatitroplies,  as  we  have  lately  ksijLoccafjiQa  to, deplore,  would  become  all 
but  impossible.  ]        I  i  '•  m, 

The  Cbaptera  on  Iron  and  the  Ee^exflJ  proi*j?Bf es  usod  in  its  Conyeraion, 
have  been  prepared  by  Mr.  Tnu-iu^XT-K^abt^jn/  oJFthe  "  History  of  British 
Iron  Mautifacture/'  and  for  many  years  enguieer  at  theDowloin,  Hiruaki, 
and  Forest  Iron  Worka  under  Sir  John  Guestt  and  Mr.  Crawehoy.  It  is 
neceBBAty  to  add  hei«i  that  I^Ir.  Trunin  ia  not  answerable  for  the  pnpera  on 
the  reoGutly  pat^uted  proceBsca  described  in  Chapter  XIY»  nor  for  the 
opinions  expressed  reepectittg  ihcm. 

In  describing  die  manlpulatiTe  processee,  we  are  indebted  to  Mr.  Clay, 
of  the  Mersey  Iron  and  Steel  Works,  for  the  procei^ses  and  taola  necessary  for 
working  MiUIcable  Iron  in  large  masaea,  including  thodelatls  conneoted  with 
tho  largQ  Wronght^Iron  gun  presented  to  the  Nation  by  that  Company,  oi 
wbich  Mr.  Clay  is  the  Manager. 
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THE  USEFUL  METALS  AND  TUElll  ALLOYS. 


CHAPTER  I. 


OS    METjLLLtJllGlG    CMEMtSriiW 


Is  ftddpiing  the  title  "useful  m«tAla'*  as  a.  basis  of  cl&asiiication,  a.  cftsuo] 
survey  of  tho  materials  coiicerucd  is  alone  fiecessary  to  render  evident  tbo 
conreDtionftl  iititiu'o  of  the  tcTm,  To  affirm  that  all  tlio  metals  lure  useful,  ia 
only  to  narrow  tlic  univei'snl  proposition  that  everything  wliich  God  hna  mitde 
is  U8«fuh  various  evident  degrees  of  utility,  however,  tlicre  are  in  all  created 
things ;  and  especially  does  tliis  remark  apply  to  metftla.  Wo  Anticipate, 
therefore*  but  little  difficulty  in  effecting  a  division  of  this  subject. 

In  Gvory  treatise  of  technical  iuiport,  some  Mnd  of  practtooJ  clxissification  is 
involved;  and  in  a  nsattor  of  such  universal  interest  aa  tbo  loctAls,  it  nppoAred 
to  tlie  e<litor&  of  this  volume  that  monographs  on  the  "  uitt^itV  metiils,  dealt 
mtli  by  practical  men,  would  come  before  tlio  ivorld  with  Biguificanco  cnongh 
to  command  attention  in  this  pre-eminent!}-  metallic  ago. 

By  no  menna^  however,  is  it  to  be  supposed  tliat  wo  regard  tbo  metals  px- 
cluded  from  tJiis  class  as  nseloss.  On  tlie  conUai^*,  we  hope  to  deal  with 
them  hereafter  in  a  way  that  shall  vindi«?ale  the  divisipn  we  have  adopted: 


USEFUL  MCTAU^. 


THE    USEFUL  UETILB  DEFINED, 


^vliUe  we  exercise  tlie  sivmo  supervision  ou  Uieir  trealmeut,  aud  tlio  stuue 
conscientiouBnesa  of  Belection.  n&  to  autJioTsliip,  wlxkii  bavc  "been  brought 
to  beoJ*  on  tLo  prodiictiou  of  tho  monographs  al^out  to  be  ^bxtdtted  to  public 
notJea, 

The  principles  tvhich  hsuTG  been  tidoptcd  for  the  giiidanc^  of  the  editow 
ahoiild  be  here  esjilainet}*  Tliev  ore  eomewliat  peculiar ;  and  tliereforo  boiu«- 
"(vhttt  novel.  Soda!  cifcitmstaiices  Imve  woflted  amonrrst  other  social  ch&ngeaa 
fi  (li^-ision  of  pereoas  into  those  who  TvriLe  books  ojid  t3ioee  Tvho  do  not.  Cer- 
LoJD  fjicilltles  of  aequiunCanco  with  the  heads  of  a  subject,  ODd  a  corre&pondiug 
readiness  in  turimig  it  into  preecntablo  ebnpCr  haire  been  adopted  as  a  pro- 
fession. The  ait  baa  been  cultivated  of  puttiiig  facta  into  ahapo  b,v  persona 
oftf  n  ignornnt  of  the  significauce  and  ramiftcations  of  thoBo  facta ;  tliua  con- 
stituting the  ftit  of  book-malting  as  distinguished  from  the  art  of  facttea-ching 
by  books.  It  ftppcaro4  lo  us.  thnt  the  ajt  bad  been  coniod  too  far  for  Qua 
intoresta  of  ti'iie  scientijic  instmctjoii — tlmt  a  store  for  too  great  had  been  eetl 
upon  th€  blandishnienta  of  literaiy  Btyle  in  matters  purely  utilitarian,  emd 
that  if  dioico  there  needs  must  exist,  between  a  truth  inelegantly  told  by  a 
in-actJcttl  niau  who  knew  the  import  of  that  truth,  and  who  told  it  whilst  yet 
under  the  force  of  its  inspiration,  and  of  another  who^  without  any  practical 
fti-qtiaintance,  could  urge  no  better  chiim  to  appreciation  than  mere  literaiy 
e^'le,  the  former  altemaUve  should  be  choeen,  "We  determbied,  therefore,  to 
have  notlilng  to  do  with  any  but  pmctic&l  men ;  and  in  the  preparation  of  the 
forthcoming  pages  tlmt  determiiiatiou  haa  been  worked  out. 

It  is  but  ju6t  to  nieuUou  tljeso  pecuhariticB  in  tlie  system  on  whickj 
the  present  volume  has  been  initiated.    A  pemsal  of  the  monographa  hot 
before  us  Justifjcs  tl^^e  impressions  under  wliioh  tliat  attempt  was  made : 
tlie  names  of  the  authore  pledged  to  the  remiuning  papers  wil]  daubtl< 
extend  tbe  justification. 

The  Uaefnl  metals  and  Metallic  Oxea  I>efliied.^Ofsixty-four£unpli 
or  elementary  material  biiniicR,  no  Icsa  tlian  fifty  or  fifty  oae  are  meUillio. 
We  shall  not  entor  upon  tlio  charaetod sties  which  serve  to  define  a  metal- 
that  more  espei-itiHj  belongs  to  tlio  fuuclions  of  a  cheraical  treatise,  and  hi 
jilready  been  done  in  our  volume  on  Chemistry,  in  tlie  CincLE   of  ti 
SciENOEs ;  but  taking  it  fiLir  granted  that  the  atthbutoB  of  a  metal  are 
ciently  well  a^ed  upon  for  popnlax  use,  we  shall  proceed  to  offer  a 
general  remarks  on  tlieir  useful  properties,  of  which  adgidtty,  cohesion,  t 
city,  and  durability,  aro  the  most  remai'kable,  although  many  more  ara 
joined  in  variable  dcgi'ces. 

The  ancients  were  only  acquainted  witli  eeven  metals,  whereas  we  \a^o^ 
of  fifty  or  fifty-one;  uevcrtlieless  tlioso  now  iu  moat  general  requisiU< 
and  to  wluch  the  appellation  "  useful  nielala"  most  peculiarly  belongs,  were 
known  to  the  ancients.  Methods  of  working  them^  however,  and  new  sourci 
from  wliich  to  ol^toiu  tliem,  havo  multiplied  so  much  in  modeim  limes* 
almost  to  raiili  in  importance  with  the  discovery  of  the  existence  of  a  m 
metal. 

Motala  ore  either  found  native — tlmt 


say, 


CHBUISTBY  OF  METAIXUBOT. 


metallic  existence — or  they  ore  combined  with  other  subtttanccs,  so  as  to  lose 
all  obvious  evidence  of  their  metallic  constitation.  The  latter'  condition  is 
bj  £bu:  the  more  frequent ;  and  to  this  fact,  mere  than  any  otlier,  the  consecu- 
tive history  of  special  metallic  discovciy  is  attributable.  This  circumstance 
leads  OS  to  an  important  chemical  conslderationt  having  reference  to  the 
comparative  tendencies  of  diflerent  metals  to  combiuo  with  the  non-metallic 
elements,  and  to  lose  by  such  combination  their  obvious  metallic  form.  The 
term  "  noble  metals/'  though  applied  to  gold  and  silver  in  ages  when  the 
pzinciples  of  chemical  science  were  unknown,  have  nevertheless  a  positive 
chemical  significance.  Modem  discovery  lias  added  platinum  to  the  hst ;  and 
they  all  c^ree  in  the  property  of  being  very  slow  to  combine  with  any  foreign 
material  save  other  metals.  Hence  it  is  that  they  are  so  frequently  found 
(gold  and  platinum  almost  universally)  in  the  native  or  metallic  state— united 
frequently  with  other  metals,  it  is  true,  but  still  exhibiting  the  metallic  aspect. 
If  tibe  noble  metals  existed  in  larger  quantity — offered  equal  faciUty  for  working 
them,  and  equal  hardness  after  being  worked — their  slowness  to  unite  with 
oxygen  would  render  them,  more  than  all  others,  deserving  of  the  appellation 
of  "useful  metals;"  but,  being  deficient  in  these  qualities,  notwithstanding 
their  nobility,  they  must  yield  the  palm  to  iron,  tin,  copper,  zinc,  and  lead,  in 
the  first  instance,  and  perhaps  to  mercury,  or  quicksilver,  and  bismuth  also ; 
considering  the  various  applications  of  these  metals  to  the  useful  ai'ts  of  life. 

The  progress  of  metallurgy  and  of  smelting  operations,  demonstrates  how 
great  may  be  the  advance  of  arts  based  upon  scientific  principles,  without 
these  principles  being  understood.  The  production,  and  utilization  of  metals, 
axe  intimately  allied  wiUi  chemistry;  and  deriving  such  immense  advantages 
from  the  application  of  chemical  principles  at  this  time,  it  is  extraordinary  to 
reflect  on  the  comparative  excellence  to  which  tlie  art  of  working  several 
useful  metals  had  arrived,  before  tlio  aggregation  of  chemical  facts  and  prin- 
ciples to  which  the  denomination  "  science  "  is  alone  justly  due,  had  dawned. 
Chemical  science  may  be  indeed  said  to  rest  on  an  historical  basis  of  metal- 
lurgic  aspirations,  and  metallurgic  empiricism. 

Coeval  with  the  earliest  historical  records,  some  metals  were  w^orkcd,  and 
the  operations  of  working  involved  the  influence  of  chemical  laws ;  yet  the 
simplest  principles  of  chemistry  had  not  tlien  dawned.  At  later  periods  it 
was  alchemy — the  vague  hallucination  of  making  gold — which  prompted  men 
to  undertake  investigations  fruitful  of  chemical  deductions,  to  be  marshalled 
into  a  science  hereafter.  Metallurgy,  then,  may  justiy  lay  chum  to  be  con- 
sidered the  fountain  source  of  chemistry ;  and  the  subsequent  dcvelupmeut 
of  tlie  science  to  tiie  art,  might  su^iply  the  theme  of  oi^gumcnt  in  favour  of 
empiricism  over  intellectualism,  if,  at  various  periods  within  the  last  two 
hundred  years,  the  miner  and  the  metallurgist,  by  their  devotion  to  chemis- 
try, and  the  chemist  by  his  successful  labours  in  the  practical  fields  of 
mining  and  smelting,  had  not  demonstrated  how  mutual  is  the  relation 
between  theory  and  practice — how  inseparable  for  good — how  redundant  of 
advantages  the  one  to  tlie  other.  Metallurgy  (accepting  the  word  in  its  most 
oxteosiTe  signification)  derives  its  best  processes,  and  not  unficquenUy  its 
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bcBt  practical  aids,  &om  a  dn«  appreciation  of  chemical  prindples.  And.  on 
tlna  otlicr  hand,  (]ie  mere  theoretical  cliemiat  <leriTes  a  useful  Jeason  of  tbe 
necossi^  of  chcckiug  Lis  tlictireticai  d^diiction^  by  facts,  ob  thej  are  foimd 
to  be,  bj  attendiiig  to  miaG  of  tbe  teaching  of  metallurgy.  Several  metallic 
operations  there  ore,  the.  snccefis  of  ^hich  is  at  variance  with  all  tlie  tbeo- 
reticol  indicatious  of  clitmistry,  "  Corpora  non  agvnt  rtm  Jfnidn"  was  a 
chemical  dictum  of  received  universality ;  nevertJieless,  the  practice  of  an- 
nealing, or  the  convcrsioH  of  iron  into  stocl  by  combination  with  carbon,  is  a 
practical  refutation  of  tlie  imivcrsalitj-  This  process  consists  in  tbe  beadng* 
together  iron  bara  and  rroodcborcoal  in  a  suitable  furnace.  Both  iron  and 
carbon  aro  here  brought  together  in  the  solid  stute ;  both  mny  he  said  to  be 
devoid  of  volatility- — and  alinost  of  liquidity ;  neverthelesB^  in  '^iolatiou  of  the 
formerly  received  canon,  combination  enanes,  asd  steel  is  made.  A  similar 
disnccordance  between  the  indicationa  of  theory,  and  tlio  teachings  of  prac- 
tice, is  illuBtrated  by  the  hot-blast  operation  >  introduced  some  years  ago  in 
tbe  practice  of  iron  smelting.  On  the  oUter  hand,  cbcmisstrj  illnuiinates 
many  dark  rccesaes  in  Uic  field  of  metallic  enjpiricism^  and  points  to  fects, 
the  existence  fif  which  would  not  have  been  suspected. 

It  is  unnecessary,  however,  fnrtlier  to  expatiftte  on  the  advantagea  vrbich 
the  metal-worker  derives  from  the  knowledge  and  application  of  chemical 
theory— -the  (^onnecticiL  being  now  admitted  by  none  more  readily  Uian  by 
the  practic-iil  inctn3hiigi&t. 

Metallurgy  of  AntlqaUy, — In  illnstration  of  the  mutnEil  dependences 
of  ft  bmnch  of  practical  metstliurgy  and  cbemical  science,  it  may  be  here  not 
unddvisable  to  anticipate  the  contents  of  the  monopmphs  which  csiiecially 
deal  with  BpociaJ  metals,  and  to  trace  cursorily  the  vrtriou3  phnses  wliich  the 
production  of  tbe  metal  iron  hns  undergone.  From  one  of  several  metalliforous 
BonrceB  tbia  useful  body  baa  been  prodaced  from,  perbapa*  the  earliest  hie- 
torical  periods.  Tnie  though  it  be  that  the  ancient  Greeks  at  the  very  eai'Uest 
period  of  Uicir  liistory  do  not  a^em  to  hnve  been  acquainted  witli  Uio  exist- 
enco  of,  far  less  the  method  of  working,  iron — yet  we  read  of  both  in  Scrip- 
ture ;  and  tliore  is  good  reason  to  believe  that  anterior  to  the  earliest  historical 
record  ofilw  Greeka,iron.  and  tbe  processca  of  manufacturing  it.  were  known 
in  China,  aiu!  Hindoatan.  We  know,  too,  tliat  immutability  ia  impressed  on 
all  the  procca^es  of  the  East ;  whence  It  is  not  imrensonable  to  infer  (hat  the 
proceHSfls  of  nide  iron  manufacture  now  followed  in  Asia  are  types  of,  if  not 
idonticnl  with,  the  processes  followed  there  in  times  long  passed,  '^^^lnt  arc 
tlieao  processes  ?  "V^^iat  ia  their  general  clmractcriBtic  7  Wliat  are  tli^  prin- 
dplea  involved ?  *V\^lflt  is  the  result?  One  general  sdieme  of  eppUimcea 
pervades  them  all.  T]ic  object  is  to  begin  with  an  ore  of  iron  caimble  of 
reduction  by  ehorcoal  fuel,  and  of  yielflirtg  a  semi-fluid  result,  wliich  Iha 
aubsequont  process  of  wielding  fasbions  into  shape.  Even  in  this 
form  of  iroU'smeJting  n  good  deal  of  latent  cbeinistry  is  involved  ;  but  tin 
fullest  acfiuaintoiice  with  chcmistTj  could  not  improve  the  practice  of  iron- 
smelting  aa  followed  by  tlie  Tersiaiis  and  Hindoos,  if  limited  to  tho  mean: 
at  their  command,  and  the  ends  proposed  to  be  gained.    Tbe  iron  man' 
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turd  of  Eiigland,  els  ptosocuted  ui  bloomades  by  tlie  aid  of  charqool  fuel,  was 
only  a  modificatioa  of  tiie  Persian  method,  and  couducited  almoBt  aa  cmpiri 
cally.  No  sooner  was  the  practice  of  iron-smelting  by  charcaal  fuel  aknUbhcd, 
&iyd  pit-coal,  gr  its  InimE^diEita  derivative  colce,  intrudui^ed,  Lhau  a.n  a£Jplicaliou 
of  chanucal  prijiciplea  bflcamt!  uecessarj'.  How  far  tliese  ajipEcalioua  resulted 
in  orapirical  tentative  experiments,  or  iii  tUc  su^estions  of  chemical  teochiug, 
it  would  nat  ha  posBibie  at  Uu9  tiiue  to  discido ;  but  the  lustorian  of  the  iron 
manu&cture  haa  not  to  pursue  his  laboTirs  much  furtlier  before  the  reaction 
of  chonuGol  knowledge  ou  mere  empiricism  is  made  evident.  Practiee  domon- 
atnited  the  fact  thttt  coal-smeUed  iron  WAa  iiifeiior  to  charcoal  smelted  iron ; 
but  practice  could  not  say  wherefui'e  itutil  science  can^e  to  the  iron  Rtn liter's 
aid ;  maldiig  kuo-vm  to  liiui  the  compo»itiou  of  pit^ool,  proving  that  it  con- 
tained many  foreign  guhstiLiiccs,  which  fouiid  their  wny  Into  t]ie  smelted  iron 
and  injured  its  quality.  Anuh'sis  of  eoal-Bmslted  Irun  demon »>truted  the  exist- 
ence of  both  sulphui'  and  pliosphoriis  incorporatifid  witli  it— dLmoogti'ated 
moreover  that,  ctitei-u  parilmx,  the  amount  of  deterioralion  of  tho  Iron  was  in- 
direct proportioa  to  the  quantity  of  these  elementa  which  ii  contained. 

Chemistry  next  began  to  sJicd  a  liyht  on  the  nature  and  property  of  iluxeSf 
in  showing  how  a  mixture  of  several  iron  ores  uii^'ht  conduce  to  jicld  a  more 
ilnid  mass  in  Uie  furnace  than  any  one  ore  by  itself.  The  next  chemical 
glimmering  fell  on  the  apprehension  of  Cort,  that  Nestor  of  the  BritiBh  iron- 
trade;  and  led  to  liig  improvements  m  the  processes  of  rcUning  and  puddliiig, 
the  results  of  which,  combined  with  tlie  rolling  aid  dov'h^  by  his  naccLanlcal 
genius,  eventuated  in  Bntaiu  Eupplyiiig  iron  in  taige  quauiities  to  other 
conntriefi  from  whidi  she  had  heretofore  obtained  that  metal. 

Soutcc  of  Sritlab  IioQ.,^It  was  our  proposition^  that  as  the  operations 
(kt  metaUarg}*  (iiccoptin*;  the  word  in  its  largest  sense)  came  down  to  our  own 
tintes,  llie  reaction  of  theoretical  chomistTy  upon  its  practical  development 
liflji  continued  to  Increase.  We  now  come  to  deal  with  tlie  sources  of  DritlaU 
iron,  which  may  be  roughly  divided  into  iron  orest  and  clay  irouatono.  The 
former  exists  in  various  parts  of  tliese  I^iles ;  but  tlie  latter  osgnmes  an  enor- 
mons  bulk  in  certain  coal  yielding  localities,  Whikt  the  supply  of  British 
woud  cltai'coal  Ifistedr  and  before  the  demand  for  iron  bocame  eo  enormous,  oa 
it  has  from  the  beginning  of  tlio  lost  century,  charcoal  answered  its  purpose 
tolernbly  well.  The  iron  manufactured  by  it  resulted  in  small  quautlty ;  buti 
by  cotaporiaon  with  coal*  or  coke-smelted  iniu,  it  was  pure.  England,  Uow- 
cvt>r,  in  course  uf  time  became  deforcBted  in  Uxe  neighbourhood  of  the  existiiig 
iron-workSn — the  source  of  wood-charcoal  tlius  failed,  and  pit-coal  of  necessity 
was  obliged  to  be  employed  hcucefortU  for  the  production  of  iron.  Simulta- 
neouHly  mtli  it^  adoption,  the  clay  iron-stone  began  to  Biipplj"  tlie  place,  to  a 
variable  extent,  of  Iron  ore.  The  result  was  attended  with  boLli  advantages 
and  defects. 

Ii'on  admitted  of  bcmg  obtained  in  enormous  quanlitics  fi'om  these  Bonrces ; 
but  it  had  no  longer  the  purity  of  the  charcoal  iron  of  heretoiui'e.^  Not  only  was 
the  quality  of  LJie  result  dcL'Criorated  by  the  presence  of  impurities  originaUy 
contained  in  the  ore,  but  other  impurities,  especiidly  atdphur,  derived  their 
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existence  &om  Uie  coal  or  coke  cmplojed  as  fuel,  Agsinst  the  pi^eacnc^  of 
thcae  iiDpurilics  our  iron  n^autifELcturerB  hftxe  eontinaed,  in  one  Bens^i  to 
fitmggle  Mp  to  the  present  time.  Th«  difliculty  of  getting  rid  of  these  im- 
puritieg,  however,  haa  not  been  all  to  the  disadvsjitnge  of  our  country.  The 
fact  ia  known  evtn  io  general  popularity^  thnt  the  only  diflerence  hetween 
wroLighl-iron  nnd  caat-iron  consists  in  tlie  relation  between  the  extraneous 
bodjcs— ehcmicfilly  Bpeflking,  imparities — in  cftch ;  ixnd  the  results  of  mecha- 
nical notion  n]>on  the  former.  Iron  absolutely,  or  cheniically  pure,  ia  hi 
more  raro,  and  more  dIfScult  to  ohtuin,  tkun  absolntely  pure  gt>]d>  It  is, 
indeed,  only  met  with  in  chcmicnl  laboratories,  and  very  seldom  tlicrf. 
"Wrought-iron,  howercr,  may  b«  pmctioally  considered  aa  pure  iron ;  and 
co&t-iron  as  tlie  latter  combined  ^ith  some  four  or  five  per  cent,  of  impu 
ritios.  That  such  iropm-itics  nrc  not  prejudicial  to  tbc  nnture  of  iron  for 
nil  purposes  and  all  nsc;^,  will  be  rendered  Gtiflieieutly  evident  by  ft  con- 
flider&tion  of  the  prodncta  made  of  'wrought  and  cnst-iron  rcspet^tively. 
Wrought-irou  (that  ja  to  say,  coniroercially  pure  iron)  is  almost  infusible. 
By  vu'tue  of  its  malleability  and  power  of  adhesion  under  the  operation  of 
welding,  it  may  be  faaliioned  into  a  multiplicity  of  useful  forma ;  but  if  any 
person  casta  Lis  eye  over  tlie  comparalive  number,  and  variety,  of  the  pro- 
ducts of  cast  and  wi'ou^htiron  reapactively,  and  rcQccta  on  the  fusible 
quiUity  T^'hich  the  presence  of  certain  impurities  confers,  be  will  rise  from  the 
survey  with  the  conviction  tliat  the  existence  of  these  impurities  in  iron,  and 
the  difficulties  of  evolying  tliem,  are  not  witliout  tlieir  advantages.  To  these 
circuinstaiices  wc  owe  tlio  enomioua  development  which  the  production,  and 
worldng  into  ahupe,  of  cast-iron  hflai  ftttnined  in  tlieso  realms;  so  that  wliflst 
Vf6  have  been  neceBSojily  dependent  upon  the  puier  charcoal  iron  of  Sweden, 
Norway,  and  Husaia.  as  the  basis  of  our  stceb  and  wrought  iron,  for  ex 
eluaivG  purposes — cast-iron  giidera,  and  bridge-beams^  made  in  this  coimtEy, 
have  been  exported  t«  everj'  part  of  the  civiUzed  world. 

NevertheleBS^  it  was  deeirablc  that  tho  eaptibilitics  of  this  country  for 
the  manufacture  of  iron  should  not  be  resii'icicd  to  the  operation  of  casting; 
but  that  wc  should  be  able  to  ab.^traet  Uie  four  or  five  per  cent,  of  impurities 
from  the  cast  muterial,  and  thus  chcinge  it  into  wi'Onght-iron.  All  tlic  cc«i- 
■ecutive  improvements  in  refming,  and  puddling,  have  had  reference  to  this 
end ;  but,  notwithstanding  tho  compnrative  perfetition  to  which  these  pm- 
ccBses  have  been  brought  by  Cort,  and  others, — noLwithstandingthemechftni 
cal  aids  of  hammering,  and  rolling,  by  which  it  was  hoped  that  such  impuriticfi 
as  could  not  he  rendered  cftpnble  of  entering  by  combustion  into  volatile  pvc- 
ducta, would  be  mcchanicnilyB^rcedaway, — the  problem  has  never  been  solved 
of  nbstracling  Uie  unpiiTitiea  from  cast-iron,  and  rendering  the  result  equal  lu 
quality  to  the  charcoal  wrought-jrons  imported  from  Russia,  Norway,  and 
Sweden.  AH  the  elieniical  processes  of  iroupurifcation  iiitherto  employed  on 
tho  largo  scale,  bad  been  based  on  the  operation  of  brijigmg  highly-henterf 
external  surfaces  of  molten*  or  pasty  iron,  in  contact  witli  atmospheric  air.  and 
ronewing  the  surface  as  often  as  the  impurities  which  studded  it  had  been 
burned  away.    The  operations  of  refining  and  puddhng  were  designed  vnlh 
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this  object  in  view ;  ftiid  tlio  operations  of  mecUanical  cstnision  effected  bj 
bniniueriiig.  or  cjlmdiiciil  pressure,  were  designed  widi  tlie  object,  and  suc- 
ccsafuUy  carried  out  up  to  n  ceHnin  point,  of  accomplisliing  bj  meclianical 
means  that  wbicli  chemistry  nioao  T^'as  unablo  to  effect. 

JLeft&liig  pTttcesBOB* — Evory  person  who  takes  a  passing  glanc«  at  tlio 
operatiaiis  of  metaJhirgy  in  liio  iigg^egate,  cannot  fail  to  be  struck  with  a. 
certftin  ftmctiounl  &iaiilarity  bctwiicu  tiie  process  of  cupellation  us  applied  to 
sepoTftto  ignoble  from  noble  metaJs,  and  the  process  of  puddling,  by  vii'tue  of 
wliieh  tho  imptiTitiEa  held  by  cast  iron  are  removed  torn  tlie  luttor.  In  both 
cafica  the  general  reauJt  is  obtained  by  passing  a  current  of  nir  over  a  highly 
heated  metallic  surface.  Tlie  puddling  process  (for  perfecting  Tvliich  the  world 
was  indebted  lothoill-req^iiitod  RichajdCort)  consists  in  plaeingpartlypurified 
iron  in  a  Tcverbeiratory  furnace,  and  vigorously  stirriug  it  nbont  so  as  to  expose 
it  to  the  action  of  the  air :  by  which  operation  oxygen  i&  rapidly  absorbed, 
while  oarbonic  acid  gas  eecapcs*  giving  the  metal  a  bubliliiig  and  boiling 
appearance.  As  carbon  escapes,  tlie  metal  posses  from  a  fluid  to  a  spongy 
half  fluid  mass ;  and  in  this  state  it'is  ready  for  tlie  puddkr.  The  meiol  is 
collected  at  the  end  of  an  iron  bar,  in  a  ball  or  bloom  of  sufllcicnt  size^  which 
ia  ewnngtliroughtlie  air,  and  placed  under  the  forge-hainmor,  to  the  crosldng 
blows  of  which  it  is  subjected ;  being  tuniGd  and  twisted  in  every  possible 
direction,  while  sparks  of  fire  dart  &om  the  surface,  and  liquid  drops  eiEude 
from  Ute  interior  of  the  metaL 

Tbia  IS  continued  vntil  the  ball  rings  tinder  the  hammer,  and  the  lic[md 
drops  ^ve  place  to  scaly  masses.  In  tbLs  state  it  is  passed  tlirough  the 
rollera^in  tlie  grooves  of  which  it  is  dra^Tiout,  and  compressed,  then  doubled 
lip  nud  rolled;  again  boated, doubled  up  aud  rolled,  until  the  process  is  com- 
plelc.  The  new  process,  by  which  the  render  will  be  at  no  loss  to  understand 
that  we  advert  to  tlic  Bchcmo  devised  by  Jlr.  Bessemer,  advances  by  one  step 
furilicr,  as  it  is  stated ;  and  may  be  conajdcred  to  bo  a  nearer  approach  to  the 
complete  purification*  By  it  a  ciin-eut  of  atmospherjc  air  ia  forcibly  projected 
not  oftr  but  thrtjuyh  a  molten  mass  of  impure  iron;  and  it  is  assumed 
that  by  the  chomicol  opertviion  of  this  atmospheric  bhi;st,  such  impurities 
Afl  are  at  once  combnetiblc,  and  the  volatile  results  of  combustion,  will  bo 
expeUed, 

Now  the  combnstiblc  extraneous  matters  are  for  the  most  part  carbon, 
snlphiir,  and  phosphorus.  The  results  of  combustion  of  the  first  will 
evidently  bo  carbouio  acid  and  carbonic  oxide,  both  vulatilo  j  of  tlie  second, 
snlphurous  acid,  also  volatile;  of  tho  third,  phosphoric  add,  not  volaffle. 
The  theory  of  tho  process  is  based  upon  tlic  idea  of  removing  the  impnritiea 
by  tho  hoat  developed  from  their  own  combuation ;  instead  of  emploji^g 
oth^r  combustibles,  themselveB  holding  impnrities. 

A  more  beautiful,  and  more  immediate,  application  of  chemiicftl  knowledge 
lo  improvement  of  the  iron  manufacture  it  is  impossible  to  conceive  ;  although 
from  its  recent  occtirrenco,  and  the  probationary  stage  to  which  it  has  only 
yet  arrived .  wo  arc  precluded  from  treating  of  it  without  a  certain  feeling  of 
constraint  inseparable  from  the  dawn  of  all  new  inventions. 
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Our  rcmarkij  Iiave  okfiadj  conveyed  Kufficieut  mtiiiialioQ  of  our  cogniziuafe 
that  the  indicationB  of  theory  and  the  detIuction&  of  practice  arc  uot  alwnyB 
flccoidaut,  to  satiafy  tlio  reader  of  our  freedom  from  any  mcro  theoretical 
bias.  At  this  early  period,  however*  Mr,  Bessemer,  in  common  with  every 
inventor  who  lays  before  the  world  a  propoaiti^^u  wliieh  he  helieres  in*  and 
which  a  ]iu*ge  section  of  the  puhlic  ia  prepared^to  receive  as  an  improveraent 
on  pre  existing  modes,  Is  prohably  expenencing  some  of  Lhe  crosses  and  dis- 
agreeables inseparable  from  tlie  office  of  pioneer  in  the  regions  of  Bciencc  or 
the  arts.  It  is  only  a  matter  of  common  justice  then,  that  those  who  haye  to 
sp^ak  or  write  of  procCE^a  in  hid  domain,  bIiouIJ  givo  them,  so  far  as  in  i 
them  lies,  a  hdpiug  word  of  congratutaliou.  Without,  therefore,  committiiig 
ourselves  to  a  prematuro  expression  as  to  how  much,  or  how  little,  the  pro- 
cesses may  accomplish,  wc  aro  justified  in  stating  that  which  is  much  more 
Eatiafacior}'  to  him  and  to  us,  Tho  communicaliouEr  wq  have  opened  in  rehi- 
tion  to  the  papers  in  hand  havo  ncccRsanly  tlirown  ub  into  corresjiondcnce 
with  various  ii'on  smelters.  On  tl^e  premises  of  one  of  the&e — one  of  the 
IcurgeBt,  if  not  tho  very  largest  in  tlie  kingdom — Mr.  Bes&emor's  process  is 
about  to  ho  placed  on  trial,  and  under  the  most  favonrable  ouspicoa  for  a 
searching  and  impartiel  one  ;  the  result  of  ivliidi  will  be  coramuniGuted  to 
our  readers  iu  its  proper  place  in  the  present  volmno. 

But  it  becomes  a  qucslion  of  verj'  grave  ijuport,  and  one  requiring  the 
test  of  wear  and  tear  of  timo  as  well  as  experiment  to  sot  at  rest^  whether 
there  are  not  mechanical  requirementa  iu  preparkig  r^alltabie  iron  not  oom- 
priaed  in  Mr.  Bessemer's  process.  Iron*  hka  all  otlier  mc'tals,  has  a  strong 
tendency  to  crj'stalUze  at  a  given  temperature ;  and  an  iiigeidoua  friend 
—theorizing  on  the  subject — suggests  on  hypotliesis  which  we  have  not  met 
with  hefoie,  that  the  puddling  process  supplies  a  raechauical  a^  well  as  a  che 
mical  bond  of  union  in  the  metfll.  The  crj^atals,  he  suggcsta,  axe  disturbed 
at  the  moment  of  formation*  driven  into  each  other  by  tho  stirring  oporatioa  ; 
and  Uiat  the  jagged  edges  of  the  particles  thus  become  knitted  or  Iticed  into 
each  otlier  iu  a  fibrous  mass. 

This  woiJd  seem  to  explain  the  tenacious  and  fibrous  character  of  wrought* 
iron ;  and  if  eo,  it  may  be  doubted  if  Uie  new  process  vrHl  altogether  supercede 
thot  of  puddliug*  tliough  it  may  gieatly  facilitate  tho  operation. 

Nor  docs  it  appeal-  tliat  Mr.  BcBsemer  will  be  Bufiered  to  monopolize  the 
attonHon  of  those  interested  in  iron :  Mr.  Phint,  of  Holly  Hull  Colliery, 
Pudley.  had  patented,  as  early  as  July,  1840.  a  refining  procesa,  by  which  u 
current  of  air  and  steam  Is  directed  upon  the  iron  while  it  is  iu  the  puddling 
furnace,  Another  process,  patented  iu  lHij5,  by  Mr,  Martien,  of  Neiv  Jersey, 
U.  S^,  eoUBif^is  in  passing  currents  of  air  and  steam  through  the  heftt«d 
cast  iron  as  it  runs  from  the  blast  furnace.  A  third  invention  is  by  Ciiptain 
Uchatina.Kuginecr-iu-Chief  of  tho  ImperialArseua).  Vienna,  whohasdevised 
a  method  of  producing  every  description  of  cast-steel,  from  crude  pig  front 
iu  the  sliort  space  of  three  hours,  and  the  process  was  exliibiled  in  London 
before  a  number  of  acieutific  and  practical  men  to  their  entire  satiafoction, 
a^  it  is  stntcd;  althongh  his  expetimetits  here  were  conductod  in  furnacefi 
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iron  from  a  crucible  into  q  vessel  filled  with  water,  when  the  iston  is  converted 
into  amall  granulated  [shot-]ik«  purtideB.  A  weight  of  tw'eiily  fom-  pounds  of 
t£wB«  granulated  Ir^mdrnpa  wo^  mixed  witli  crushed  ore  aiid  filled  iutoa  cm< 
ciblo,  which  was  placed  on  tlie  furnftce  prep*ired  for  it.  After  the  lapse  of  a 
period  of  two  Itours  and  tli rue- quarters  tlic  crucible  was  taken  trotD.  the  ftmiaco 
and  the  contents  poured  iiitouu  iruu  mould.  When  tlii.H  was  opened  an  ingot 
of  steel  weighing  twenty  fivo  potiuda  wae  exhibited  to  the  company,  and  pro- 
it<nuio«d  by  competent  judges  to  bear  every  external  evidence  of  being  perfect 
in  quality.  While  this  metnJ  was  being  melted*  on  ingot  of  Bleel  prepared  by 
this  process  at  the  stcel-works  of  Messrs,  TurtoUr  of  Sheflicid,  was  subjected 
to  the  steam-hammer,  and  a  bar  of  i^tecl  produced  from  tlic  ingot,  whioh  was 
pronounced  to  be  of  excellent  quality  by  the  practical  men  present.  It  is 
JmpoBsihle  to  ovcr-eslijnate  the  importance  of  these  discoverieai  should  they 
bear  tlie  test  of  experiment  on  a  suitable  scale. 

Between  theoretical  indicntiouand  practical  confirmation,  however,  there  ia 
a  bridge  to  be  passed,  which  fr-equently  breaks  down  and  enguifg  the  iuveutar, 
through  the  interposition  of  some  collateral  obstacle.  It  may  be  tiint  the  pro- 
ceases  of  Mr.  B  efisem  er  d  nd  the  oth  er  ingenious  men  named  are  in  thi^  category. 
DaTy  AU^ested  tlie  protection  of  Ibe  copper  bottoms  of  Bhipa  by  iliG  attacii- 
mentof  zinc  galvanic  ifrcservers.  He  caused  Uie  suggestion  to  be  practically 
carricdout,  and  quoad  protcclion  it  succeeded.  But  Davy  was  foiled*  and  hia 
procoss  was  rendered  inoperative,  through  the  interposition  of  a  collateral  cir- 
cumstance, which  had  not  outeied  iuLu  liis  calculations.  The  copper  was  no 
sooner  prevented  from  undergoing  solution,  than  its  sui-face  became  harmlesa ; 
sea  wtjc'ds  and  sea  moUusks  stuck  to  it,  atid  tlie  ship's  coui'se  wns  impeded 
thereby.  It  may  Lo  Bomc^vhrit  thus  with  tlie  inveutions  to  which  we  hava 
adverted  ;  some  collateral  issue  mny  interfere  with  the  practical  realisation  of 
iJie  inventor's  hopes*  in  rcfipectof  the  tnvvutii.tn.  It  is  always  well  to  beai'in 
mind  tltcae  probabilities,  seeing  that  they  are  the  reflex  of  the  history  of  most 
inventions;  but  nevurthelefis  the  tlicory  on  which  Mr,  Bcsscmtr's  o]>cration 
Ifi  based  is  so  amply  beautiful,  that  now,  at  this  earl}'  stage  of  it,  before  the 
nltimato  practical  issues  of  it  are  known  ^  it  is  fitting  tliat  Mr.  Bessemer  should 
be  cheered  with  the  proviaiona!  recognition  which  a  clear  apprehonsion  of 
principles^  and  a  setmingly  practicol  waj'  of  giving  thera  enbct,  bespeak  as 
justly  hiB  due.  Whilst  ELcfcing  Uie  part  of  avUtU  courier  to  the  prnctical  inono- 
gmphs  Avhich  foUow»  we  ouly  claiin  to  louk  at  the  broad  field  of  metoUurgy 
from,  a  theoretical  pouit  of  view.  In  tlie  puny  microcosm  of  a  chemical  labo- 
latory,  where  thousands  of  htlle  apphauces  can  be  invoked  to  gain  the  end  pro- 
posed by  chemical  analysis — it  is  posRiblCp  nay  it  is  probable^  that  a  chemist 
may  not  justly  interpret  Uio  data  wlijch  email  operations  evolve,  into  the  leea 
numerous,  though  individtinlly  larger,  conditions  of  the  practical  man. 

AdYmiitAgas  of  Gaat^lzon. — We  have  already  intimated  tliat  the  pre- 
sence of  impurities  in  kun  a3  rendered  by  our  smelting  works,  and  tlio 
diffiiOalli«a  of  removing  them,  ore  not  barren  of  all  goad  results ;  and  we 
hATo  adTOrtad  to  the  capabilitioa  of  oast  iron.     Let  us  now  contemplate  the 
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subject  of  iron  fi*om  the  opposite  point  of  view ;  let  -aa  aflBumo  that  instead 
of  th(S  facility  wh&rewith  Ihfl  grnius  of  our  smcldng  operations  enables  ua  to 
turn  out  enonnous  quflntities  of  iron,  cnat  into  tlic  form  required,  tbe  genius 
of  tho  proccsa  Lad  b^en  in  the  direction  of  depriving  us  of  Uda  imporo  ma- 
terifl],  but  reuderitig  its  ifoii  comraerciELlly  pure — that  ia  to  say,  in  the  state  of 
^rraughtirou.  Wiiat  difticultl&a  would  haya  beset  us  then  ]  The  opeintion 
of  CDsdng  no  longer  possible,  but  every  pieoe  of  mimufac tared  iron  being 
necessarily  manufactured  by  the  laborious  oppcrutions  of  forging^  ham- 
nieriDg,  and  'ncldiiig — not  merely  v^ould  the  price  of  iron  for  many  purposes 
have  been  enhanced,  but  for  nuuieroua  purposes  to  idiich  iron  is  now 
applied  it  could  not  have  been  used  at  aH-  Coutomplnte  the  pieces  of  cast^ 
iron  which  constitute  tlio  blocl^s  of  which  Southwark  Endge  Ls  built,  snd 
imogiuc  tlio  circumfercncG  of  bbjcka  having  Ihe  aamo  form,  weight,  and 
dlmcnalous,  made  of  wrought  instead  of  cast  iron,  and  Jutmmered  into  ohap^  : 
tho  thing  would  have  been  utterly  imposaiblo;  it  would  ba  ImpOBaible 
oven  now,  notwithstauding  the  aid  of  the  ponderous  steam-hammer.  The 
esse  with  which  a  blacksmith  heats,  and  welds,  and  fashions  into  shnpa»  the 
half  motten  paate  of  glowing  wrought^irou  on  lijg  anvil  would  convey  bnt 
feeble  iudicalious  of  tho  difficulties  wliieh  beset  these  operations  when 
conducted  ou  a  large  scuXe.  It  is  difficult  to  pronouneo,  and  it  would  he  in* 
Tidioiis  to  mako  the  attempt  of  fixing,  the  extreme  limits  or  sizo  of  wlucb.  a 
piece  of  wrought  iron  admits  of  being  forged.  Practical  effect  is  given  to  that 
operation  to  tlie  extent  of  forging  anchors,  shafts  and  beams  for  tlio  largest 
marino  engines.  These  ai'o  Qchievements  sufficicnilj  difficult,  and  until  lately 
critics  wei-e  foimd — ^nay,  indeed,  they  are  to  be  found  still — who  confidently 
assert  that  much  bQ3'oud  tlieso  acliievcjEieutg  of  wrought-iron  maniifocture  the 
opemtion  could  not  go,  Whctlier  ^vrought  iron  ordnance  of  large  siee  could*  or 
could  not,  he  monufocturcd,  having  tho  etrengtli  necessary  to  ordnance  prac- 
tice, waa  a  ntoot-point  Some  years  ago  the  Americans  tried  tho  o^tperiment 
and  failed  ;  as  a  terrible  accident  from  the  bursting  of  a  wroughtiron  piece  of 
orduuneo  painfully  testified ;  since  then  Mi'.  Nasmyth  repeated  the  experi- 
mcnt  wiUi  so  bad  a  result  tliat  it  was  considered  by  himaelf  to  bo  a  failure. 
and  ho  expressed  liimself  very  hopelessly  reapccting  ■wrought-iron  heavy 
ordnance.  Nevertheless,  a  large  piece  has  been  made  by  an  enterpriaiug 
Liverpool  firm,  and  presented  to  the  Government.  It  is  now  whikt  these 
remarks  aro  written  under  process  of  trial;  and  hitherto  it  has  stood  all  the 
tests  deemed  aocossary,  with  complete  satisfaction. 

The  result  of  the  manufacture  of  this  interesting  piece  of  ordnance,  and 
the  trials  to  which  it  has  been  subjected,  demonstrate  that  thoso  who  ey 
oaihffthii  predicted  so  confidently  that  wrought-iron  hcavj' ordnance  could  not 
bo  made  (duo  regard  being  had  to  thoir  strength),  may  have  reason  to  alter 
their  opinions.  Confessedly,  howover,  as  between  the  costing  of  iron  into  a 
specified  shape,  and  the  woMing  and  hammering  of  iron  into  a  similar  shape, 
the  difference  is  enormous* 

In  addition  to  tlie  mechnjiicul  difficulties  attendant  on  tlie  manipulation 
of  wrought  iron — in  addition  to  the  difficulties  of  removing  huge  masses  of  ii 
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from  the  for^e  to  tlie  auvil — tlie  difljculty,  moreover,  of  welding  tiFo  or  moro 
large  pieces  together  in  such  a  maimer  as  to  give  soliditj  to  llio  wolJed  joint — 
a  chemieal  or  molecular  tendency  of  wrouglitiron  Mhcn  retnined  at  a  glowing 
licat  in  large  masgea  for  long  periods  togetlicr,  threatened  to  impose  an  in- 
HiiperaLlo  barrier  to  the  raanipnlation  of  trrouglit-iron  in  pieces  much  larger 
tliau  HJiuliors  or  marine  steam  engine  axes. 

Ga7Btallizing  tendeney  of  ^TOuglit-lKon  In  large  Masses* — tt  was 
found  bj-  Ml.  NoamvUi  in  turning  out  his  monster  gim,  that  the  iron  had 
ceased  to  be  fibrous,  and  had  assumed  a  crjstalUne  texture  at  its  centro,  tlins 
loainjf  the  strenj^th  and  tenacity  which  tlie  fibrous  coudilion  womld  have  giveD, 
It  liad  been  fully  kno^^Ti  tlint  wrought-iron  unilersome  peculiar  circnm stances 
is  prone  to  agsmne  tills  condition.  The  axles  of  revolving  carrift go- wheels 
have  been  Itnown  to  assume  this  crystalline  state  £rom  vibration ,  after  the  lapso 
of  tinoG,  and  long  nsage,  although  they  were  originally  fabri(?ated  of  the  best 
wroughtiron.  Iron  wire  toOj  whicli^  ns  fill  connected  with  mctalliu-fTy  know, 
is  necessarily  made  of  the  pnrest  iron,  occaaionaUy  assumes  this  Qrystalline 
state  if  long  exposed  to  the  agency  of  chemical  forces;  as,  for  instance,  in  a 
laboratory.  Various  Jiypotlieses  have  been  propounded  to  afford  a  rational 
explanation  of  this  molecular  change*  from  fibrous  to  CTystallinc  condition. 
As  regards  tlie  case  of  rnilwiiy  nxles,  the  supposition  appears  rational,  tlint 
constant  percussion  baa  given  riee  to  Uie  crystallizEid  state ;  but  the  changg 
eiperienced  by  iron  wii*B  is  not  so  plausibly  expHcable.  The  crj'stallization 
of  large  masses  of  wrought-iron  under  the  heating  and  cooling  process,  in- 
volved in  the  operation  of  welding,  seems  to  admit  of  enBicr  explouation. 
The  result  appears  to  be  only  a  special  illustration  of  a  general  roanltant  of 
tlie  undisturbed  play  of  cohesive  ailinit^',  tending  as  it  docs*  if  sufficient  time 
and  freedom  of  molecular  motion  bo  given^  to  assume  the  most  perfect  eohe 
sive  state  of  which  matter  is  capable — that  is  to  any,  the  state  of  crystals. 
Had  the  result  of  crystallization  been  inseparable  from  the  practice  of 
welding  large  bars  of  iron,  tlicro  wonM  have  been  an  end  to  wroiighi>iron 
orduauce  of  large  calibre ;  tliere  would  have  been  an  end  also  to  tlie  pro- 
duction of  any  pieces  of  wrought-iron  coiiBidernbly  larger  in  dimensions  than 
tlie  forms  hitherto  produced.  We  shall  took  fortv'aj'd,  therefore,  with  some 
interest  to  the  monograph  ou  the  working  of  wrought-iron  m  large  mfeosea, 
promiied  us  by  Wr.  Clay, 

Impressed  with  speeiuUtieB  as  the  mctoJ^  are,  each  one  conducing  to 
certain  purposes  better  than  any  other—^nevertlieless,  with  the  e^cception  of 
iron,  these  capabilities  are  numerous,  and  one  generally  admits  of  being  sub- 
stiLuted  for  another.  But  no  civihzed  nice  could  exist  ns  such  without  the 
co-operation  of  tlie  metal  iron.  For  the  greater  nuiuber  of  purposes  to  which 
It  is  ap]died,  there  is  no  eHricienl  suhstitate^  True,  the  ancients  did  manage 
at  ouQ  tijno  to  manufacture  cutting  instruments  out  of  bronze ;  true,  Uiat 
Sir  Francis  Citontrey  in  our  own  times,  in  his  reverence  for  classic  metallurgy, 
caused  a  bronze  razor  to  be  made,  whereivitli  he  shaved  ;  neveiilieless,  we 
doubt  whi^tlicr  atiy  one  less  ardent  in  the  love  of  ancient  metallurgy  than 
himself  would  have  borue  eoiitentedly  the  daily  inHiclion. 
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XiitcTatiue  of  netallorgy. — MctEilluTgic  history  admits  of  division  into 

tlir^e  periudfi.  Tke  Ijrst  coinprclt&uds  tiio  timo  vvliicli  elapsed  ftom  the 
earliest  Listorical  ef  och  to  the  daya  of  Pliny*  or  the  first  century  of  the 
Clvristinn  cm.  The  metallurgic  reciords  of  tlio  i>Grioii  are  contained  iu  Holy 
Writ,  also  in  tho  writings  of  Stmbo,  Dioscorides,  PUny,  and  othcra,  compre- 
liendiiig  iiroofa  of  the  knowledge  of  gold,  silver,  mercury,  copper,  tiB,  lead, 
and  iron.  The  secoud  period  Includes  the  time  which  ekpsed  between  Hiny 
and  Agricola,  or  from  the  first  century  of  the  Ciiristian  era  to  A,n.  1550,  At 
the  commencement  of  this  epoch  mines  were  worked  in  Asia  Minor,  SpBiUf  Si^.; 
in  thti  seveatk  ceatury  nas  cuiumeuced  tho  working  of  mines  in  Bohemia 
aud  Sastony ;  in  the  ninth  century,  muiea  iu  Hommclberg  were  commenced; 
the  ktiowlctlge  of  ai'genic  was  Jirst  acquhcd  in  the  fifteenth  century  j  in  the 
liftee^nth  century  also  of  hi^muUi ;  nud  iu  ltfi.0  tbcro  appealed  at  Venice  tlio 
first  modeiTi  systematic  woj'k  ou  nuulDg,  smelling,  and  m(:taUurgy.  The  third 
inineralogical  period  csiteuds  from  the  time  of  Agricola,  who  may  bo  just]}'  con- 
eidered  as  the  father  of  metaBurgy,  to  our  own  days.  In  his  collated  metallor- 
yic  workr  pabliahed  in  J  54H,  under  the  title  "/><r  te  MHtdfk't,"  are  to  bo  foimd 
thefirstpredseinstructionaeoncei-ningtheai-isofmiuiug  and  smelting.  Imme- 
diately snbaequent  to  the  appearance  of  Agricola's  treatise,  *'  De  r«?  M^taUieu" 
niinioroua  others,  of  uneqiici  pretensions,  begun  to  appear ;  but  their  chemical 
hypotheBea  were  tinctured  with  ilia  eiTora  of  the  phlogistic  tlieory ;  and  uot 
tmlil  the  final  overtlu-ow  of  that  tlieory  by  Lavoisier  was  it,  that  both  these 
arta  assuined  the  uUIily  whiuh  wo  iiud  at  tlie  present  timo.  In  the  years 
ex  tending  from  l^iOl  to  l^^IO,  both  inclusive,  Lanipadius  of  t'reibcrg  published 
a  valuable  coli^jction  of  facts  relativo  to  metallic  operatiuus  :  giving  form  and 
^ubatouce  to  a  large  mass  of  disconnected  facts  relative  to  these  matters*  and 
Imown  to  vaiious  persons  iu  Ids  time.  The  second  series  of  the  metallurgie 
fruitsofLamptLdius  appeared  between  theyeara  181?ondlts27i  thus  preparing 
the  way  for  the  new  system  of  metallurgy  by  Karatcn,  which  appeared  in  th© 
years  1631  and  183:2.  In  Itiil  appealed  a  smuU  but  comprehensive  yolumo 
by  Wehrle, — soon  followed  by  Sheerer'a  valuable  treatise  entitled  Lehrbuch 
div  MetttUitrtji?,  to  which  the  merit  is  attributable  of  having  aggregated  the 
numerous  brandies  of  knowledge  wliich  constitute  metallurgy  into  tlie  sLapo 
in  which  we  at  present  find  them.  In  oui'  own  day*  the  German  metallurgist 
Bruno  Keil  hoseoutributed  on  adnnrnble  manual  in  his  Mtt«dlm'»jiiiehen  lltitUn- 
kumic.  But  perhaps  the  largest  amount  of  light  has  been  thrown  on  British  me 
talliirgy  by  theadmii-able  Jectmesnnd  experinientH  of  Dr.  Tercy*  at  the  Museum 
of  Geolo^.  It  is  impossible  to  praise  those  labours  more  liiglJy  than  they 
deserve,  or  to  overestimat©  their  iniluence  on  the  future  of  metallnrgy. 

The  art  of  metallurgy ^  particularly  considered,  has  reference  not  alone  to 
the  chemieal  constitution  of  metaUic  ores  and  the  method  of  extracting  and 
3prcpanng  them»  but  it  ako  takes  cogribanco  of  all  that  relates  to  the  t^u- 
structiou  of  fumacefi^  the  utUisalion  of  coUatej'a]  proccsBeB^  the  streugthof 
matcr^  employed  infunjaces,  and  the  necessur}'  machines.  It  abo  involves 
a  knowledge  of  the  chemical  principka  concerned,  eo  that  tlie  metallurgist 
may  not  only  bo  able  to  apply  on  t!*'.  large  scale  tlie  moat  promising  indica- 
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compiekeudiug  gald»  silver,  platiuuia,  aud  uiercoiy.  The  tlii^e  fonoer  &^ 
someEimeg  coUed  ''iioblQ  metals" 

Tlie  relative  fusibility  of  metals  also  alTords  a  good  means  of  praoticdl  das* 
fiification.  Having  reference  to  tldg  dilTerence,  Hvc  ivcll  marked  &iil>diyiBioiis 
admit  of  beiug  catablisbed. 

1.  Fusible,  and  remoiumg  liquid  at  tlie  laweBt  heat  of  temperate  oliiaos. 
There  IB  only  one  metal  which  aitewera  to  tliese  couditions  r  it  ia  mercury. 

a,  Ftiaibie  between  3lf:i'*  and  Tfi'S^  F,,  &nd  pftssiiig  off  iuto  vapi^ur  when  tins 
heat  is  &dLL  further  raised.  The  motab  repres&ated  hy  this  gubdivifiion  are 
zinc,  eadiDium,  lead,  bismuth,  antiinonj,  [md  arseoiic  or  arfieoioum. 

8,  Fusible  at  lemperatuios  above  1830"  F.;  copp«r,  silver,  gold. 
4,  Not  completely  fuijihle  bytlie  strongest  fumace-lieat  i  mauganesG,iran, 
nickol,  cobalt,  platinum, 

b.  Fusible  in  the  hydio  oxygen  j^t:  ckromiain. 

Alloy*.^ — Having  tokou  a  cursory  survey  of  the  cksacs  and  eubdivisioiui 
of  wlxich  metals,  practically  coiisiderad>  are  susceptible,  we  shall  uow  proceed 
to  doBcribo  the  priucipol  compound  forms  of  lA'hich  metals  arc  EiiaoeptJblA. 
The  first  of  tlice^  which  presents  itself  is  the  clasa  of  alloys. 

The  term  alloy  in  its  most  general  ncccptalioti  means  the  mutual  combi- 
nation  of  two  or  more  metals.  "When  one  of  tlie  metals,  however,  enter- 
ing into  combination  ia  mercurj^  the  result  ia  not  usually  termed  aa  alloy, 
but  an  amnlgom.  Alloys  are  prnclically  interesting  to  tkQ  metallurgist  in 
two  ways ;  eitlier  the  metals  to  ivhich  a  meta-Uurgic  process  of  extraction  ia 
applied  are  found  in  the  condition  of  native  alloy — i.e.  one  naturally  ex- 
isting— or  an  alloy  resulU  as  the  consequence  of  an  intermediate  metallnr^a 
process.  Tlie  nativa  stttlo  of  gold  vnUi  silver,  mid  of  I'latiaum  witli  rho- 
dium, mdimn,  pnlladiuinp  and  its  other  associated  motals,  present  fami- 
liar inatanccs  of  native  alloys.  The  intermediate  combination  of  lead 
and  silver  resultiug  from  the  metallurgic  process  of  reducing  gaJenfi,  fur- 
nifihes  a  good  iui;tance  of  tlio  second.  At  the  present  lime  the  belief  pre- 
vails— we  may  even  say  it  i&  universal — tliat  alloys  aro  not  always  mere 
mechanical  mixtures  of  dliVi?rent  metals,  but  are  constituted  in  accordauce 
trith  the  laws  of  definite  chemical  combination ;  being  no  less  ivtomic  (lo 
adopt  the  language  of  the  atomic  Uieoiy)  than  o^des  and  saltj£  are  atomic. 
It  would  lead  us  too  far  from  tlie  fiuhjeet  of  metallurgy  to  adduce  the  various 
arguments  which  cx.iut  in  fiivour  of  the  belief;  and  indeed  a  super^cial 
f^^lancc  at  the  bearing  of  Uie  LypoUioBis  would  perhups  induce  the  pnicticol 
metallui'gi:jL  to  pa&s  it  by  aa  devoid  of  utilitnjian  interest.  Few  subjects, 
however,  are  nnuc  intiniatcly  related  to  the  utilisation  of  metals  than  (hoet 
involved  iu  the  acemingly  absti*aci  f|iiesdon  of  chemical  composition,  or  of 
mere  admi3:tui*c,  in  relation  lo  alloys.  An  illustration  vciy  much  to  tlta 
point  is  fiflbrdcd  by  the  manufacture  of  the  alloy  called  "  silvtir  steel. " 

In  the  courac  of  sorao  eiperimQiita  performed  by  Professor  Faraday  and 
Mr*  Stodttrt,  they  discovered  that  silver  when  fmied  witii  steel  in  ccrtaiu 
given  proportions  enti^rcd  iuto  mutual  combiuadon^  and  formed  a  valmible 
alloy.     If,  ijowevert  tlie  quantity  of  silver  was  increased  aljove  a  certain  pro- 
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portioii  not  yet  quite  ascertained,  the  excess  of  silver  was  extruded  irom  the 
metallio  mass  duiiDg  the  process  of  cooling.  This  result  at  once  affords  tes- 
timoiij  as  to  the  chemical  constitatlon  of  the  alloy,  and  points  to  the  prac- 
tical advantages  likely  to  bo  derived  from  a  solution  of  the  question — '*  \Vhat 
are  the  exact,  or  atomic,  proportions  in  which  steel  and  silver  can  combine  ?" 
Granting,  for  the  sake  of  argument,  that  the  silver-steel  be  so  far  superior 
to  ordinary  steel  as  to  warrant  its  manufacture,  tlie  conclusion  follows  that 
it  is  a  point  of  the  utmost  importance  to  determine  the  exact  maximum 
amount  of  silver  which  steel  can  take  up.  Not  merely  would  the  addition 
of  every  grain  of  silver  beyond  the  indicated  proportion  be  on  unnecessary 
expense,  bat  such  of  the  uncombiucd  silver  as  might  be  locked  up  mecha- 
nically in  the  alloy  during  the  cooling  process  would  lessen  its  strength,  and, 
indeed,  impart  a  general  deterioration  of  quality. 

As  a  general  rule,  it  may  be  stated  that  all  metals  which  form  alkalies  have 
a  particular  tendency  to  unite  \sith  those  which  form  adds.  Wlien  two 
metals  are  alike  in  their  affinities  for  oxygen,  they  do  not  readily  combine,  and 
may  often  be  separated  by  crystallization  only,  when  both  metals  absorb  nearly 
the  same  quantity  of  oxygen  in  forming  their  oxides.  Nearly  all  chemicid 
combinations  liberate  heat.  Zinc  and  copper,  when  melted  together,  produce 
a  high  temperature.  Where  a  mere  mechanical  mixture  of  metals  occurs  in 
aa  alloy,  it  is  characterized  by  distinct  crystals  being  formed  with  one 
metal,  between  which  the  other  is  visible.  When  an  alloy  is  formed  with 
proper  equivalents,  no  such  disconnected  ciystols  are  observed.  In  cooling 
a  melted  alloy,  that  composition  which  is  most  refiractory  crystallizes  first,  and 
that  which  is  most  eaailji  reduced  to  fluidity  is  compelled  to  occupy  the  spaces 
between  the  crystals.  Thus  copper  and  tin  are  fusible;  but  in  cooUug, 
copper-tin  czystallizes  first,  and  tin-copper  last.  Iron  and  arsenic  are  very 
ftisible ;  but  in  cooling,  iron-arsenic  ciystallizcs  first ;  in  consequence,  the 
sni&ce,  when  cool,  exhibits  a  perfect  net-work  of  bright  Hnes  in  regular 
forms.  Inallofthe8ecompounds,however,portionBof eachalloyare  contained. 
When  a  bar  of  cold  lead  is  dipped  in  mercury,  tiie  pores  of  the  lead  become 
filled  with  mercury,  but  the  mercury  also  absorbs  lead.  Wlien  iron  is 
strongly  heated  while  imbedded  in  carbon,  aa  is  the  case  when  blistered  steel 
is  prodnced,  the  carbon  penetrates  to  the  very  centre  of  the  iron  rods ;  but 
no  iron  is  imparted  to  the  carbon,  because  its  atoms  are  not  moveable. 

AUoya  axe  more  fusible  than  the  individual  metals,  and  will  melt  at  a 
lower  temperature  than  the  mean  would  indicate.  Thongh  tin  melts  at  500", 
•ad  pure  copper  at  2,600",  equal  parts  of  copper  and  tin  do  not  melt  at  the 
mean  1,900",  but  at  a  lower  heat.  Pure  iron  is  extremely  refractoiy ;  but 
when  combined  with  arsenic  and  phosphorus,  it  may  be  melted  in  a  cast-iron 
pot  without  adhering  to  it.  Again,  a  composition  of  three  metals  is  slill  more 
ftiaible  than  their  various  decrees  of  melting  would  indicate ;  and  if  their 
eomponent  parts  are  according  to  the  laws  of  chemical  affinity,  tlic  melting 
point  is  lower  still.  Need  we  rei>eat,  after  this,  how  important  is  the  study  of 
fonning  alloys  in  the  smelting-fumaces  ?  It  is  the  degree  of  fusibility  of  the 
and  metals,  which  determines  the  cost  of  the  process. 
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Iran  ia  retidti^d  Itt&ible  by  tlie  prtS4.'iice  of  cai'bon;  but  when  that  sub- 
Btoiice  ia  removed  it  becomee  refractory,  &jid  can  Jtnrdly  be  melted.  Tin  is 
refined  by  oxidizing  or  evaporating  eulpUur.  arsenic,  and  other  matters ;  a  pro- 
cesa  wliicli  rentiers  tin  less  fiisjble  o^id  more  t^iiacioTiB.  Zmc  melted  in  on 
iron  pot,  and  ^xpo&ed  to  tiie  rur,  cx1itl>it£i  droen  &ii  the  surface;  its  ^niditv  is 
diminished,  but  its  malleftbility  h  increiiacd.  A  layer  of  carbon,  or  common 
salt  above  ashes,  prevents  llicse  pbcttometm. 

Alloys  are  f^enctally  harder  thiui  might  be  expected  &om  tlieir  ooDBti- 
tu«Dts :  filthougli  tliere  are  exceptions  to  tlie  nile.  Silver  And  arsenic,  render 
iron  lianl,  although  buLh  metals  are  aoft  in  tliemselvcB;  copper  and  tin,  boUi 
soft  metalfl,  become  hnrd  when  melted  together  in  certain  propoWious;  and 
zinc  and  copper  luoko  bra^s  soft.  Anlimonj  c&itses  all  metals  to  beeomd 
hfirti,  but  ve>7  brittle.    Iron  mised  ivith  a  little  imtiniony  \Till  cut  glass. 

The  ductiiity  of  alloys  is  sometimes  preater  tlian  might  he  expected ;  in 
otlierSr  it  ia  more  bnttle  thiin  the  ongiuul  metuls.  Alloys  of  zinc  aitd  lead, 
are  very  tenacioiia  ;  lead  and  nntimonyt  very  brittle.  Any  alloy  ^vbich  ia 
plowly  heated  and  gi"adually  eooled— annealed,  that  is — is  softer  than  vii'hen 
Ute  compound  is  suddenly  chilled ;  hence  tlio  hardness  of  cMllcast  iron, 

The  above-mentioned  cxampleg  are  types  of  many  others,  demonstrating 
that  though  metallic  altoya  occupy  a  lesa  prominent  po^iitioii  Uian  Toetallic 
oxides,  sulphureta,  chlorides.  &c., nevertheless,  lite  conditioiia  which  i-egidata 
their  existence  must  not  be  neglected  by  the  mctalhirgist, 

Tlie  Bepanition  of  tlio  constitiienta  of  metallic  alloys  is  accomplished 
by  aevcm]  methods.  Of  these  the  one  most  obviously  supgeeted  by  theory 
consi&ta  in  a  gradual  application  of  hcnt  up  to  tho  point  of  melting  the  more 
fusible  metal,  and  leaving  llio  other  unfused,  lu  this  way  lead  ia  &epft- 
rated  from  an  alloy  of  that  metnl  widi  copper.  Scfiredy  less  obvionsly  sug- 
gested by  theory  is  the  appUcsition  of  heat  to  effect  the  volatilization  of  one 
of  tlie  metals  entorinf»  into  an  alloy.  Jn  tlna  way  ig  mercury  separated  in 
practice  from  alloys  (amalg;Hms)  of  mercurj'  with  gold,  and  mercury  with 
silver.    In  this  way  also  is  silver  obtained  &om  nrgentiferoua  zinc. 

The  metallic  constituents  of  some  alloya  admit  of  separation  by  sub- 
jectiDg  them  to  fuBJon  and  gradual  cooling.  During  the  cooling  process  the 
metalB  of  an  aUoy  mU  in  some  cases  separate  in  layers  according  to  their 
specific  gravity.  In  other  cases  the  Mporation  ensues  from  one  of  the  con- 
statuents  shooting  into  crystals  and  becoming  solid,  tlius  fumiBhing  a  means  of 
its  removal.  The  celebrated  process  of  effecting  the  separation  of  silver  from 
lead,  kuott-n  aa  Fnttinson'a  cryatalli^.ation  process,  is  of  this  kind ;  hut  tlie 
most  extraordinary  evrciunslanee  in  relation  to  it  is,  tlmt  the  lead  or  the 
metal  of  leaser  fusibility  ia  that  which  first  ciystalli^es  out.  The  rationale  of 
this  curious  phenomenon  haa  never  been  e^cjdained.  Occasionally  sepa* 
ration  of  two  or  more  metals  constituting  an  alloy  is  effected  by  means  of 
acfd-aolution.  Ulc  proceas  of  quartaiion  by  which  silver  ia  dissolved  out 
from  an  altoy  of  that  metal  and  goM,  will  serve  as  n  familiar  illnstration, 

MfrUIUe  Oz.LdeB, — ^Ve  have  already  said  that  tliese  are  tho  most  uume' 
roua  and  tlie  most  important  of  metallic  ores.   TJio  smelting  of  them  dtpends 
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on  an  application  of  the  best  practical  means  of  remcving  oxygen.  The 
relations  of  metals  to  oxygen,  and  the  relative  facility  wherewith  they  evolve 
oxygen  wholly  or  partially,  have  all  been  accurately  determined  by  the  che- 
mist. On  the  large  scale,  the  exact  agents  employed  in  tlie  laboratory  for 
e£Eeoting  deoxidation  cannot  always  be  apphod  ;  nevertlieless,  chemical  prin- 
dples  have  to  be  followed  as  closely  as  circnmstances  ^dll  permit :  therefore 
it  will  now  be  proper  to  explain  the  relations  of  diiferent  metals  to  oxygen  in 
respeift  of  the.  comparative  difficulty  of  removing  that  element  from  tliem. 

The  redaction  of  metallic  oxides  may  be  effected  by  the  dry  and  the  moist 
I»rocesses.  It  is  the  former,  however,  which  immediately  concerns  tlie  metal- 
lurgist, and  to  which  we  purpose  to  direct  the  attention  of  the  reader.  The 
noble  metals  gold,  silver,  and  platinum  are  characterised,  as  is  well  known, 
by  the  difficulty  wherewith  their  respective  combination  with  oxygen  admits 
of  being  effected.  Conversely,  the  respective  oxides  of  these  metals  are  cha- 
racterised by  facility  of  decomposition.  The  application  of  heat  alone,  witii- 
oat  the  contact  of  any  extraneous  body,  suffices  to  liberate  oxygen  from  the 
oxide  of  the  noble  metals,  and  of  course  to  evolve  the  metal. 

All  other  metallic  oxides  require  the  agency  of  a  second  body  to  effect 
their  reduction,  mere  application  of  heat  being  insufficient ;  and  a  consi- 
deration of  the  deoxidizing  materials  at  the  disposal  of  the  metallurgist,  and 
employed  by  liim,  opens  a  field  of  great  utility  and  interest.  The  deoxidizing 
agent  of  greatest  importance  to  the  metallurgist  is  coal  in  its  several  varieties, 
and  the  derivative  materials  yielded  by  its  combustion.  When  coal  is  burned 
in  a  fomace,  the  first  product  of  combustion  may  be  considered  to  be  carbonic 
add  gas ;  but  inasmuch  as  the  latter  is  readily  decomposed  by  permeating 
ignited  pieces  of  solid  carbon  (coke),  losing  a  portion  of  its  oxygen,  and 
becoming  carbonic  oxide  gas, — ^we  may  say  that  the  products  of  the  com- 
bustion of  coal  are  firstly  carbonic  add ; — secondly,  carbonic  oxide  and  car- 
bonic add ;  and  lasUy,  carbonic  oxide  alone.  The  latter  in  combination 
with  heat  is  a  most  powerful  deoxidizing  agent.  Were  it  not  for  tlie  pro- 
dodaon  in  furnaces  of  carbonic  oxide  gas — were  it  necessary  that  the  solid 
carbon  of  the  coke  should  be  alone  the  deoxidizing  body,  tlien  it  follows  tiiat 
every  particle  of  tlio  ore  to  be  reduced  must  be  brought  into  intimate  con- 
tact with  the  reducing  body ;  a  process  invohing  more  care  and  trouble  than 
are  compatible  with  large  metallurgio  operations.  The  reducing  agent  being 
ft  gas,*  there  is  no  longer  a  necessity  for  tliat  intimate  mixtore  of  fuel  and 
ore  which  would  otiierwise  be  necessary.  Provided  that  the  gaseous  results 
of  combustion  are  placed  under  circumstances  of  readily  permeating  tlie  ore, 
the  necessities  of  practice  are  amply  snbseired.  In  many  cases  of  reduction 
of  the  oxides  of  lead,  silver,  tin,  and  copper,  the  fuel  is  actually  contained  in 
ft  ftimace  by  itself,  the  ore  to  be  reduced  being  in  another.  There  is  great 
diflbrence  as  to  the  amount  of  heat  at  which  the  reduction  of  different  me- 
tallio  oxides  can  be  effected.  The  oxides  of  lead,  bismutli,  antimony,  nickel, 
cobalt,  copper,  and  iron,  require  a  strong  red  heat ;  whilst  the  oxides  of 
manganese,  chromium,  tin,  and  zinc,  do  not  lose  their  oxygen  until  heated  to 
iiHiiteneflB. 

UMFUL  MCTAL9.  "~^  ^ 
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CombiRaliona  of  Uie  luetixllic  oi-e^}  with  oi^jgen  Utkc  place  in  c^rtoui  dofi* 
nite  proportions,  ttnd,  sa  fnr  a»  relates  to  moat  metAlu,  in  de^mtc  quaiititlee.! 
There  ore  Uix^e  oxideii  of  ixuu  which  mtct^st  us  here,  namelj^-^tlie  protoxidiS 
of  ircn.  ^vhkh  is  a  strong  base  ;  tho  magnedc  oxide,  a  feeble  base ;  and  the 
peroxide,  tv-hich  is  more  of  &i\  acid  than  &  base.  Peroxide  and  piotoxide 
of  iron,  botli  infusible  by  themselves,  fomi  afiiMble  slag.  Arsenic  fonns,  in 
uU  ptngps  of  oxidiiti'ia,  aii  acid  wbicli  never  melts  uitli  any  other  acid,  or  ivith 
lii^hly  oxidized  mctdji ;  it  bving  a  requisite  condition  of  fuHibiiify,  that  one 
of  the  constituents  in  which  the  otJior  in  merely  suspended  must  be  fusible. 
This  chc'iuical  relation  atbnits  of  a  wide  range,  nor  is  the  &am€  substjuice  in 
all  its  rolatious  of  ihe  same  character. 

The  oxides  of  iron  are  always  basao  as  to  Eiilic  add,  but  they  are  add  in 
relation  to  oxide  of  lead.  Tlie  study  of  the  metallurgiHt  must  be  directed  to 
t!w30  chomical  relntions,  as  well  as  to  the  degree  of  fusibility  of  the  com- 
pounds and  tliB  relation  they  bear  to  tho  metal  to  be  produced  under  ikm 
iofliieuce. 

Afi  a  rule,  it  may  be  stated  that  the  compounds  of  single  cqulTalents  of 
metal  and  oxygen  con^tituto  a  ba^e  or  alkali,  and  that  the  addition  of  more 
cncygen  destroys  that  pioperty.  Thua  tho  protoxide  of  manganese  is  a  fitrong 
ha&p.  and  precipitates  t}\o  protoxide  of  iron  from  a  sla^ :  but  the  peroxide  of 
manganese  ia  driven  out  by  the  protoxide  of  iron.  When  carbon  is  present, 
one  atom  of  oxygen  is  absorbed  by  it  from  the  peroxide  of  manganese,  and 
the  iron  is  ngnin  driven  from  iia  union,  Thi^  afliaity  of  oxygen  for  metid  la 
most  dillicult  to  be  OYercome  at  a  atat©  of  ojcidation  half  way  between  the 
cxtremeB.  Protoxide  of  tin  Ia  easily  converted  into  metal,  so  is  pc ivixide ; 
hut  tho  Besqtiioxide,  intei-mediat^i  between  the  two,  presents  mncli  gicater 
difficultieB.  lYoctically  it  is  usual  to  smelt  wiLU  tlie  highest  oxides,  tmd  con- 
vert the  ores  into  that  state,  in  order,  not  only  to  remove  the  oxygen  from 
the  metal,  but  al^^o  to  produce  so  Li|Th  a  heat  as  to  finse  the  metal  at  the  pn- 
CISC  moment  whec  tlie  oxygen  ia  removijd. 

Hydrogen  and  carburetted  hytlrogeu  gs^s  must  not  be  omitted  in  our  cam- 
merntLon  of  the  deoxididng  agents  employed  by  the  metaUnrgigt,  The  latttt 
agent,  carburetted  hydrogen,  is  evolved  during  the  combustion  of  coal :  tbe 
former,  when  employed,  as  it  is,  though  sparingly,  aa  a  m«taUnrgic  agent,  is 
developed  by  tranamittiDg  aqueous  vapour  over  red-hot  coko.  TiVlicn  tliifl  gu 
Is  produced  by  diasolviiig  iron  or  ziiic  ui  a  diluted  acid,  it  is  always  nioit»t,  and 
iuvaluabla  for  tlie  performance  of  any  delicate  expeiiment ;  for  tiie  ruduotien 
of  metallic  oxides  it  should  be  dry,  and  fiee  from  any  foreign  substance. 
Catburetted  hydrogen  or  coal-gaa  ia  used  to  reduce  oxides  under  a  low  heat, 
the  carbon  which  is  precipitated  in  the  formation  of  the  metal  being  rciuored 
by  fimelting.  Hyrlrogen  or  carhuretted  hydrogen  is  appUed  in  the  assaying 
process,  by  leading  it  into  a  glass  tube  which  contains  the  oro  sxKxnmen  in  a 
proper  form  ali"cady  heated.  A  gentle  current  of  gns  is  paaacd  over  tlie  oi* 
until  no  more  is  burned  by  it,  which  is  manifested  by  the  escape  of  the  gas  in 
a  pure  form. 

Next  to  met*T.llic  oxides,  metallic  sulphides  ore  of  the  deepest  impoTtaiu:o 
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to  the  metallurgist     Their  reduction  geuerallj  involves  tiie  operation  of 
roasting,  a  process  to  be  treated  of  hereafter. 

SnlpUdea. — ^AU  metals  combine  more  or  less  uith  snlphnr,  and  fonu 
sulphides  when  sulphur  is  brought  iuto  contact  with  the  metal,  iu  tlic  ab- 
sence of  oxygen  or  chlorine.  When  oxides  are  treated  with  siilphur  in 
sufficient  quantities  to  absorb  all  tlie  oxygen  in  forming  sulphuric  acid,  the 
sulphur  remaining  combines  with  the  metal.  When  sulphates  are  treated  in 
the  presence  of  carbon  or  hydrogen,  the  oxygen  of  the  sulphuric  acid  Ls 
abstracted,  and  sulphides  remain.  The  chemical  relation  of  sulphur  to 
metal  is  similar  to  that  of  oxygen — ^that  is,  the  number  and  equi^■alcnts  of  tlie 
sulphides  correspond  witli  tlie  number  and  equivalents  of  the  oxides  of  the 
respective  metals — causing  them  to  be  more  fluid  and  brittle  when  cold,  and 
impairing  their  ductility  when  hot.  Large  quantities  of  sulphur  cause  a 
low  degree  of  fusibility,  which  is  shown  in  the  sulphurets  of  antimony,  lead, 
copper,  and  iron,  the  fuRibility  in  each  decreasing  more  rapidly  than  the 
evaporation  of  sulphur.  Iron  pyrites  melts  at  a  low  red  heat;  but  when 
reduced  to  half  its  original  quantity,  by  evaporating  the  sulphur,  it  requires  a 
strong  white  heat  to  melt  the  sulphides.  The  presence  of  free  oxygen 
is  required  for  the  removal  of  sulphur;  nor  can  it  be  removed  entirely 
when  carbon,  hydrogen,  or  any  other  reducing  agent  is  present,  an 
oxidizing  influence  and  thorough  exposure  of  the  metal  to  oxygen  being 
necessary. 

Nevertheless,  the  partial  decomposition  which  certain  metiillic  sulphides 
undergo,  when  heated  Ttithout  the  access  of  atmospheric  air,  is  to  the  metal- 
lurgist a  consideration  of  importance.  Galena  treated  in  tiiis  way  suifcrs  par 
tial  decomposition ;  so,  in  like  manner,  does  the  monosulphuret,  or  monosul 
phide  of  copper, — a  sufficient  amount  of  sulphur  being  evolved  from  it  to  yield 
disulphide  of  copper  as  the  permanent  fixed  result.  The  higher  sulphur  com- 
binations of  iron,  or,  chemically  speaking,  tlie  sulphur  salts  of  that  metal, 
generated  by  the  combination  of  two  sulphurets  or  sulphides,  also  give  a 
portion  of  their  sulphur  when  exposed  to  high  heat  in  close  vessels.  Mono- 
sulphide  of  iron,  however,  does  not  yield  up  any  of  its  oxygen  by  the  mere 
process  of  heating  in  close  vessels.  Tlie  sulphide  of  zinc  (zinc  blende)  is  un- 
changed by  the  highest  temperature ;  so,  in  like  manner,  is  the  sulphide  of 
silver.  The  sulphides  of  gold  and  of  x>latinimi  are  decomposed  when  lieated 
into  sulphur  and  their  respective  metals.  The  sulphide  of  mercury  can  be 
distilled  without  change.  Sulphide  of  antimouy  melts  at  a  high  red  heat, 
afterwards  distils  over  unchanged.  The  mono^  and  the  ter-sidpliide  of  arsenic 
(orpiment  and  realgar)  both  fuse,  and  distil  without  undergoing  any  decom- 


By  &r  the  more  important  and  usual  mctliod,  however,  of  effecting  the 
vedn^ion  of  metallic  sulpliides,  consists  in  exposing  them  to  the  combined 
agoB^  of  heat  and  atmospheric  air— constituting,  in  point  of  fiict,  the  opera- 
tion of  roasting.  Usually,  the  change  which  ensues  during  the  operation  of 
roasting,  is  the  conversion  of  sulphur  of  the  sulpliide  iuto  sulphurous  add  gas, 
which  escapes ;  the  original  sulphide,  either  losing  a  part  of  its  sulphur,  and 
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baing  tlaUB  rtJiiuced  Ui  the  lower  stage  of  siilpliurixution,  or  else,  loeing  tlie 
whcile  r>f  Ha  sulpliitr.  nxygen  is  absorbed  in  place  of  the  latter.  Occa^anaUj 
the  sulphurous  acid  fivai  generated  Rbstirba  Uie  necessary  amount  of  oxygen, 
to  chfi.nge  it  iolo  svUplmric  iwiid,  Avliich  combining  ivith  die  metaUic  oxide 
BimultaneotiBlj  generated,  gives  rise  to  the  BulpliHtc  of  an  oxide.  This  latter 
is  tlie  cimQ  when  gnlona  (sulplude  of  lead)  is  ronstod,  the  final  result  of  the 
opertLtiun  being  Qxidi!  of  It^ad,  fuid  sulplidt^;  of  oxide  of  lend.  This  change  is 
eniint^ntiy  fnvonnihle  to  subsequent  mt^titllnrgic  oporadonB  of  which  galeim  Li 
tlie  subject.  If  iha  galc^uA  he  arg^utilcrDUR,  the  fullo'niug  reactioiis  ensae. 
Tlie  tmxture  of  oxidt  of  lead  and  fiulpliate  o{  tlie  aaniq  oxide  being  heated  to 
whiteness  in  contatit  witli  silver  {of  the  rirgpntiferoTia  giili^na),  osidizea  the 
silver  by  decompoailion  of  the  sulphuric  tvcidt  of  the  sulphate  and  oxide  of 
lecid  I  hence  tliere  results  a  mixturo  of  oxide  of  silver  and  of  lead — a  mixture 
eftsil^'  dealt  mth^  and  deoxinU^ed  Ity  a  subsequent  operation.  The  sulphide 
and  diaulpliido  of  copper  are  chflLngi^d  by  roasting,  into  dioxide  of  copper  and 
Bulphiirous  acid,  and  sulphate  of  the  oxide  of  copper,  which  latter,  when  the 
temperature  is  raised  to  the  liigheat  pitch,  evolves  tlie  whole  of  its  sidphnric 
acid  and  oxygen ;  leaving  metallic  copper.  Monosulphide  of  iron  by  roasting 
tindergoea  many  progreBsive  changes;  bef^ning  T^itli  the  fonnation  of  pro- 
toxide of  iron  a3id  sulphtU'OQs  acid,  and  enduig  in  the  development  of  sesqui- 
oxide  of  iron.  SiiJphido  of  zinc  [zinc  blende]  slowly  cliangcs  under  tho 
influence  of  n>tlati»f,^  fir^t  into  oxide  of  zinc,  and  s^dphnte  of  the  oxide ;  tben 
into  suhsidphiite  of  the  oxide;  and,  Instly.iuto  oxide  exclusively.  Bnblimate 
of  biBmutli  changeSt  nnder  the  intluence  of  Toastinj;,  into  oxyBidphtiret :  Btil- 
phide  of  silver  is  decomposed,  and  ^'ields  luetuUic  ^rer.  TerBalpliide  of  anti- 
mony  cbauge:;  under  roasting  into  autimoniouB  and  Qjitimonic  acid.  The 
sulpliide  and  the  ecs^^uisiilpliide  of  arsenic  axe  changed  into  areenioua  and 
arsenic  acids. 

By  a  modification  of  the  same  proceBs,  sulphide  of  nickel  adndta  of  decom- 
position  u^to  a  mixturo  of  oxides  and  BEnquioxidea  of  tliat  metal.  Sulphide 
of  cobalt  is  also  decomposed  into  a  mixtm^e  of  oxide  of  tliat  metal  and  sol 
phate  of  Uic  oxide.  Finally,  die  Bulphides  of  gold,  platinum*  and  mennny 
are  also  reduced  to  the  metnlhc  eiate,  Bulphurons  acid  gas  being  evolved. 

Another  clement  equal  in  inipoi-tanee  to  oxygen,  reqiurea  the  attention  of 
the  metalltirgis^t.  QiLoaTi^^  has  a  teudeiicy  to  induce  metals  to  cryetAllize, 
and  causes  consequeutty  flTiidity  and  briltleness.  Chlorine  removes  all  other 
matter  from  metala  when  the  lattm*  are  in  a  state  of  fasion.  Carbon,  RQlphnr, 
and  phosphoi-u3  are  drawn  off  by  it,  ajud,  if  the  heat  ia  continued,  the  chlo- 
line  itself  escapes  witli  a  poilion  of  tlie  metab,  but  only  when  a  minute  pro- 
portion  ia  present;  it  is  tJnia  a  powerful  eleinent  in  the  purification  of  metala. 
Lead  smelted  from  clilorides  is  purer  Uian  from  oxides  and  Bulphurets*  and  ite 
proj>er  appUcntion  to  amelthig  and  refiiung  purposes  hoa  a  most  beneficiai 
iiiniu^jic!e.  Zinc  does  not  readily  combiue  Tsitli  iron  unless  chlorine  he  present: 
it  removes  uxypen  from  the  protoxides,  tlius  purLfyiiig  the  eurfacc  and  pre- 
paring it  for  closer  imion  with  an  alloy.  All  metala  smelted  under  the  in-* 
Huence  of  chlorine,  are  inclined  to  oxidise,  unless  it  is  removed  entirely.    Jt 
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is  hannleBS  to  the  metals,  powerfiil  as  a  means  of  fluxing  slags  and  ores,  and 
prodncing  flniditjr ;  its  use,  therefore,  ought  to  be  much  more  extended  than 
it  has  been. 

Oalclnatioa,  and  Roasting. — These  processes  are  more  &equently  made 
use  of  than  any  other  operation  had  recourse  to  by  the  practical  metallurgist  for 
effecting  the  elimination  of  sulphur  and  other  volatile  substances  from  the 
ores  which  are  sulphides  or  sulphurets.  No  agency  is  so  commonly  employed 
as  this,  although  the  mention  of  a  few  others  should  not  be  omitted ;  amongst 
these  may  be  enumerated  the  combined  application  of  heat,  and  aqueous 
vapour ;  of  heat,  and  the  decomposing  agent  of  a  metallic  oxide ;  finally,  of 
heat,  and  the  decomposing  agency  of  allodics,  alkaline  earth,  and  their  com- 
binations. As  a  general  rule,  however,  we  may  regard  all  other  metalliu'gic 
processes  having  reference  to  the  decomposition  of  sulphurets,  rather  as  preli- 
minazy  assay  operations,  than  the  final  processes  capable  of  adoption  by  the 
manufacturer. 

The  process  of  calcination  is  generally  adopted  to  remove  volatile  sub- 
stances. Iron  and  zinc  ores  are  heated  to  expel  water  from  them,  and  iron, 
lead,  and  zinc  are  calcined  to  expel  carbonic  acid.  Water  will  escape  by  the 
application  of  a  gentle  heat;  but  if  much  clay  be  present  with  the  ore,  it 
adheres  tenaciously  to  the  mineral.  Calcination  is  most  conveniently  per- 
formed in  a  crucible,  because  no  stirring  of  the  mass  is  required.  The  heat 
of  an  air  furnace  is  gcnei-ally  suflicient  for  the  performance  of  this  operatiou. 

The  operation  of  roasting  is  performed  by  various  processes  depending  ou 
the  nature  of  the  ore,  the  quantity  of  the  fuel,  and  the  object  in  view.  Koost- 
ing  in  heaps  in  the  open  air  is  the  metliod  most  generally  adopted  with  iron 
ore,  pyrites,  and  ores  which  con  bear  a  strong  fire.  The  opemtiou  consists 
in  spreading  over  a  plane  surface  of  groimd  bUlets  of  wood,  or  lumps  of 
mineral  coal,  from  six  to  eight  mches  thick,  the  interstices  between  the  coarse 
fuel  being  filled  up  with  chips  of  wood,  charcoal,  coke,  or  coaL  Over  the  fuel 
thus  prepared,  according  to  the  kind  of  ore,  is  spread  a  layer  of  ii'om  twelve 
to  twenty-four  inches  in  thickness.  Coarse  ore,  which  will  bear  a  great  heat, 
may  be  piled  pretty  high ;  but  fine  crushed  ore  from  tlie  stamps,  and  ores 
which  smelt  easily — such  as  sulphurets  or  arscniurets — should  not  have  too 
much  coal  in  a  body,  nor  the  ore  pUcd  over  high. 

Alternate  beds  of  fuel  and  ore  are  thus  formed,  and  roasting  heaps  accu 
mnlated,  which  are  in  many  cases  extremely  large,  retaining  the  fire  for  a 
'longtime. 

Boasting  means  heating  a  substance  to  such  a  point  that  the  mineral  does 
not  melt,  but  at  which  tlie  volatQe  substances  ax-e  expelled,  and  as  much 
oxygen  combined  with  tlie  ore  as  it  can  absorb.  In  some  cases,  chloiine, 
carbonic  acid,  or  steam  is  required  along  with  the  air ;  in  otlier  instances, 
the  object  is  to  oxidize  tlie  ore  to  a  higher  degree,  to  drive  off  volatile  mutter, 
or  to  reduce  the  ore  to  metal,  aud  evaporate  it,  as  in  the  cose  of  arsonic, 
zinc,  and  antimony. 

The  tendency  of  carbon  to  unite  witli  metals  is  slight  and  circumscribed ; 
only  two  metals,  considered  in  a  metallurgic  sense,  are  amenable  to  tliis  kind 


2*2  CARBCBETS  AKD   CABBON. 


of  vombiiuitiuji, — cupper  aud  iron  :  uevcrthelesB,  they  are  the  most  importaui 
of  all  metah* ;  and  \«-itliout  the  carburets  of  iron  (cast-iron  and  steel),  the  inott 
useful  purposes  to  which  iron  is  now  applied  could  never  have  been  subsenred. 
The  uuion  of  carbon  with  copper  is  only  productive  of  inc<mvenienGer  and  the 
care  of  the  metallurgist  is  devoted  to  ettect  the  removal  of  the  former ;  but  in 
tlio  case  of  iron,  tliough  on  one  hand  the  removal  of  carbon  is  a  metollnrgic 
process  liighly  desirable  in  order  that  soft  "nTought-iron  may  result,  neverthe- 
less, on  the  otlier  hand,  the  problem  of  causiug  the  union  of  soft  iron  with 
coi'bon,  is  one  of  iinpoi-tanco  equally  great ;  for  on  its  successfol  issue  depends 
the  conversion  of  iron  into  stceL 

As  reganls  tlie  theory  of  the  metnUurf»ic  processes  hsd  recourse  to  for  e£fect- 
ing  tiie  removal  of  carbon,  Uiey  arc  sucli  as  naturally  suggest  themselves  from  a 
chemical  considei-ation  of  tlic  properties  of  that  non-metullic  element  Carbon 
is  the  most  ordinary  material  of  combustion  kno^n  to  man ;  it  is  the  very 
tyjie  of  combustible  bodies.  To  deprive  a  carbiu-et  of  its  carbon,  therefore^ 
notliing  seems  more  natural  than  to  bum  it  a^'ay.  This  is  indeed  the  pro- 
cess usually  followed.  It  Ues  at  ttie  basis  of  iron-refining  and  puddling ;  still 
more  obvious  is  the  application  of  the  combustive  energy  in  the  new  operation 
of  ^Ir.  Bessemer.  Combustion,  nevertheless,  is  not  the  only  agency  taken 
advantage  of  for  eifccting  the  removal  of  carbon  from  iron.  A  \evy  elegant 
process  for  converting  steel  or  cast-iron  into  soft  or  decarbonized  iron,  consists 
in  exposing  an  article  fabncated  of  either  of  tliese  materials,  to  heat  in  con- 
tact with  iron  oxide.  Tlie  chemical  agencies  thus  involved  ai-e  sufficiently 
obvious.  The  oxygen  by  its  affinity  for  carbon  at  an  elevated  temperature 
unites  with  it,  furms  carbonic  acid,  and  is  evolved,  leaving  the  iron,  to  the 
extent  of  the  removal  of  cai'bon  tlius  elfectcd,  pure.  The  process  in  question 
unfortunately  lins  but  an  appUcation  restricted  to  a  limited  number  of  articles 
of  inconsiderable  diiuensious. 

Tlie  union  of  soft  iron  with  caibon,  or,  in  otlicr  words,  the  formation  of 
steel,  is  usually  effected  by  the  process  kiio\^'n  as  cementation.  It  consists  in 
stratifying  bars  of  iron  witli  churconl  in  an  iron  case,  and  subjecting  the 
whole  to  furnace  heat,  until  the  desired  union  of  the  carbon  vnih  the  iron  has 
been  effected.  The  chemistry  of  this  union  is  very  peculiar;  furnishing  an 
ahnost  unique  example  of  combination  ensuing  between  bodies  neither  flmd 
nor  gaseous,  and  contravening  the  long  accepted  chemical  axiom,  &>rpora  non 
aguHt  timjiuidti.  Perhaps  however,  after  all.  the  exception  is  more  apparent 
tlian  real.  Laurent  was  of  opinion  that  the  carbon  thus  entering  into  com-' 
bination  with  iron,  aud  fommig  steel,  became  actually  vaporized  by  the  heat 
emi)loyed.  Stammer  advances  another  hypotliesis :  he  beUeves  that  the  play 
of  affinities  resulting  in  tlie  union  of  carbon  \\ith  iron,  is  more  complex  than 
had  up  to  his  cxpcrinieuts  been  imagined.  He  infers  that  a  mixture  of  iron  and 
oxide  of  that  metal,  when  brought  to  an  elevated  temperature,  as  in  the  process 
of  cementation,  in  contact  with  carbonic  acid  gas,  robs  the  latter  of  its  oxygen, 
thus  liberating  carbon ;  which,  wliilst  still  in  tliis  condition,  unites  with  the 
metal  to  form  a  carburet. 

Though  the  groat  magazine  of  phosphorus  in  creation  is  the  bones,  and 
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fiome  of  the  fliiids  of  animals,  nevertheless,  phosphoric  acid,  combined  yith 
oiddes  of  metals  and  constitating  phosphates  of  these  oxides,  give  rise  to  a 
small  though  important  group.  Perhaps  no  element  wherewith  metals  ore 
naturally  foimd  in  combination  is  more  difiicult  to  separate  effectually,  or  exerts 
a  more  deteriorative  influence  when  present,  even  in  minute  quantities,  than 
phosphorus.  The  processes  usually  had  recourse  to  by  the  metallurgist  for 
effecting  the  separation  of  phosphorus,  are  based  upon  the  emplojineut  of 
some  body  which  manifests  a  strong  affinity  for  phosphorus  at  elevated  tem- 
peratures. Of  this  kind  is  chalk,  which  is  sometimes  employed  for  the  pur- 
pose of  separating  phosphorus  from  iron. 

Occasionally,  though  not  very  often,  the  metallurgist  has  to  deal  with  the 
extraction  of  motala  from  their  salts,  both  oxygenous  and  haloid.  This  kind 
of  extraction,  too,  involves  not  merely  the  dry  process,  but  also  the  use  of 
chlorine  and  of  adds.  Platinum  is  a  metal  which  has  to  be  dealt  with  ex- 
chiflively  by  the  process  of  moist  solution.  limiting  our  observations  for  the 
present  to  the  case  of  dry  operations,  we  find  that  certain  metallic  salts  are 
decomposable  by  heat  alone,  whilst  others  require  the  agency  of  some  collateral 
reducing  body.  Host  of  the  salts  of  the  metals,  gold,  platinum,  and  silver, 
are  characterized  by  their  fsicility  of  complete  decomposition,  by  the  mere 
application  of  heat.  Of  this  change,  the  chlorides  of  gold,  of  platinum,  and 
the  sulphate  of  the  oxide  of  silver,  present  familiar  examples.  Alany  other 
metalhc  salts  when  subjected  to  the  agency  of  heat,  instead  of  being  reduced 
to  the  metallic  form,  yield  their  several  oxides.  The  sulphate  of  iron  and 
the  sulphate  of  copper  are  of  this  class, — ^yielding,  when  sufficiently  heated, 
oxides  of  the  respective  metals. 

To  the  practical  metallurgist,  the  most  interesting  scries  of  saline  decom- 
position by  fire,  and  deoxidizing  materials,  arc  those  in  which  the  sulphates 
of  different  metals  are  concerned.  Sulphates  differ  merely  from  sulphides 
(viewed  as  to  their  composition)  in  the  mere  circumstance  that  the  former  con- 
tain oxygen,  whilst  the  latter  do  not :  hence,  when  sulphates  are  heated  in 
contact  with  coal,  coke  or  other  deoxidizing  matter,  oxygen  is  frequently 
removed  and  a  sulphide  remains.  The  relative  fiEicility  of  tUs  kind  of  decom- 
position varies  for  different  sulphates,  but  it  furnishes  a  type  of  most  of  the 
decompositions  which  ensue  when  sulphates  are  exposed  to  the  combined 
agency  of  deoxidizing  materials  and  heat.  Of  all  the  salts  which  come  under 
metallurgic  cognisance,  the  chlorides  next  to  the  sulphates  arc  most  impor- 
taal  The  reduction  of  the  chloride  of  silver  forms  the  basis  of  the  mode  of 
■ilrer  extraction  followed  in  America,  Hungary,  and  various  parts  of  Kurope ; 
the  reducing  agent  being  iron.  Various  other  methods  of  reducing  chlorides 
to  the  metallic  state  are  followed  in  the  processes  of  metallic  assaying ;  and, 
although  not  much  involved  in  tlie  practice  of  metallurgy  on  the  large  scale, 
are  still  of  great  importance  to  the  metallurgist  The  reduction  of  chloride  of 
■Over  by  heating  with  alkalies,— of  the  chlorides  of  certain  metals  by  the 
OT^taAt  of  ^ii/4**'w  metal ;  and  of  the  chlorides  of  gold  and  platinum  by  sul- 
phmons,  oxalic,  anenious,  and  formic  acids,  sulphate  of  iron  and  a  few  other 
reagents — ore  familiar  examples. 
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CHAPTER  n. 

SPECIAL  METALLTJBOIC  0PEBAT10N8. 

We  now  come  to  ihe  principles  on  which  mctallurgic  processes  are  based,  and 
the  practical  application  of  these  principles.  Mechanical  and  chemical  sciences 
are  here  involved, — the  fonner  to  effect  a  due  comminution  of  the  extracted 
ore  &om  foreign  impurities ;  the  latter  to  complete  this  separation  and  evolve 
the  metal  in  a  condition  as  near  that  of  absolute  purity  as  may  be  possible 
or  desirable.  The  mechanical  part  of  mctallui^  can  only  be  discussed 
advantageously  hereafter;  in  this  introduction,  therefore,  we  shall  limit 
ourselves  to  an  exposition  of  the  chemical  principles  of  mctallurgic  opera- 
tions. 

Between  abstract  chemistry,  if  the  term  be  allowable,  and  tecbnict2 
chemistry,  there  seems  a  wide  difference  at  a  first  glance.  The  only  real  dis- 
tinction between  them,  however,  will  be  found  to  be  one  of  degree.  Hie 
principles  are  tlie  same,  and  both  are  amenable  to  the  some  laws:  the 
laboratory  chemist,  however,  having  more  agents  at  liis  command — ^being 
little  amenable  to  considcrntious  of  profit — more  readily  carries  these  indica- 
tions out  to  their  several  finaUties. 

The  chemical  part  of  metallurgy  has  for  its  object  the  separation  of  various 
substances,  and  the  isolation  of  a  few,  by  the  operation  of  chemical  affinities; 
being  amenable  thus  to  ordinary  rules  of  chemical  guidance,  the  first  of 
which  is  based  upon  the  law  tiiat  chemical  action  takes  place  (with  few  ex- 
ceptions, and  those  doubtful)  between  portions  of  matter  tlie  cohesion  of  which 
is  slight.  Reversing  the  proposition,  we  may  also  say  that  chemical  decom- 
position is  effected  by  loosening  the  state  of  cohesive  affinity. 

Of  tlie  three  forms  in  which  matter  is  found,  namely,  the  solid,  the  fluid, 
and  the  gaseous  state,  respectively,  it  is  evident  that  tlie  two  hitter  are  most 
under  the  control  of  cohesion ; — gases,  indeed,  are  often  said  to  be  absolutely 
devoid  of  cohesion  as  between  their  particles ;  a  proposition  which,  thou^ 
chemically  unsound,  may  be  considered  to  be  practically  correct. 

The  metallurgist,  then,  in  effecting  his  numerous  decompositions,  proceeds 
to  diminish  the  cohesive  force  by  which  the  particles  of  his  material  an  held 
together.  He  begins  by  mechanical  processes — ^by  hammering,  grindingi 
stampuig,  &c.  Wlien  tiiesc  can  go  no  further,  he  has  recourse  to  chemical 
means.  The  problem  now  is  to  hquefy,  or  to  gasify — usually  the  fonneit 
though  many  important  mineralogical  operations  involve  the  x>n>ductiou  of 
gas,  or  at  least  of  vapour ;  for  gases  and  vapours  may  be  gcnei-ally  regarded 
as  identical.  Supposing  hquofiiction  to  be  tlie  object  in  view,  the  metalluigiBt 
has  the  choice,  theoretically,  of  dissolving  his  substance  in  chemical  menstroft 
or  of  fusing  it  by  heat.  Tlie  former  alternative  is  superior  in  the  correctneM 
of  its  results,  and  for  that  reason  is  usually  adopted  by  tlie  laboratoir 


£6 


METALLIC    UISTir.LATinjI    PlinCESSES, 


And  potnaii  wiUi  ci\rhon,  but  this  is  an  expcDsive  fluXt  and,  when  not  clt>8e3y 
watched  when  Iluid,  tlio  lass  jnajr  I'xc-eed  tJie  viilue  of  the  metal  abtaizted^ 
It  is  £jirtiiese  reaa-jiia  foiuni  gocKl  econrnny  to  laix  tlie  zinc  bJcud*  vdHi  Iron; 
altlum^li  tJie  heat  rt-quiitHl  by  tbia  process  ia  mut^h  gruater 
thfui  for  smelting,  it  is  oseertcd  that  distilktiou  i&  th»i 
clitaper  process.  Tlu?  ftpparaiiia  her«3  figured  is  a  vertical 
section  of  n.  fumQce  ■vvitli  its  rcrtorta,  of  ^'Iticb  tliere  are 
OB  many  aa  twenly-l^vo.  They  arfl  placed  about  two 
iuohea  apart  frnm  ench  otlior  ti>  admit  tlte  passage  of  b 
ffasea  from  tlie  funiftcc.  Tbe  meted  wbicli  coudetiacfl  in 
these  gcnt]y  slophig-pipos,  requires  to  be  i-aied  oat 
everj'  two  Lours  to  prevent  then*  from  being  choked 
tip,  jrnd  twelve  hours  are  required  to  woi^k  off  a  cliarge. 
Perhaps  tlie  various  parU  of  aii  Euglisb  tm» 
oven  may  not  be  qnit«  bo  suggestive  of  a 
diBtilluttjry  process;  uevortholess  tbey  axe 
represe&Uktives  of  a  form  <if  LllHtillatory  appa- 
ratiiB  peihttpB  more  ancient  than  any — a 
form  loiov^ii  to  tht;  aicheraifiU,  and  desciib«d 
by  them  under  the  niuue  of  deatUhtw  per 
dttce^wiin  (I""'^-  ''^^  -^  Torticul  section  is 
given  of  this  apparatus.  Tliey  are  some- 
times romid,  fioiuetiiiies  ^iiare,  having  six  or 
eiglit  crucibles  inseiied  in  otio  furnace*  im 
in>n '  pipo  in  sorted  into  the  bottom 
of  tlie  crucible  conductbiff  the  metal 
into  a.  reBer^'oir,  wldcU  ia  iUled  vitU 
wator. 

The  theory  of  tlda  process  is  veiiy 
simple :  the  oxide  of  ziuo  mixed  with 
carbon  ia  reduced  to  metal  on  bein^ 
ignited ;  and  the  meiUi.1,  being  \^o^ 
tile,  purees  in  tiiu  form  of  vnpoiir  to 
the  receiver,  where  it  ia  condensed  in 
the  form  of  a  cnide  impure  metal« 
which  requires  a  further  process  of 
reJining  before  it  is  Et  for  oommeroal 
pnr|>09cs. 

ITiLxei, — Aiisitming  the  process  i 
of  rimaUng  to  hare  been  necessary 
and  to  hav^  been  applit^d,  and  tltata 
meftaJHc  BuhstiLnce  still  remains  tf>  be  extraeled  from  tlie  noii-volntile  rcai- 
dti«r  a  process  of  fusion  mast  be  h^d  reci>nr80  to ;  it  lh  nUled  tmdihuj.  A  slight 
chemical  consideration  uf  tlie  mattirials  whereniUi  metals  are  ordinadly 
combiut^d,  tvill  bring  to  mind  tlie  fact  that  eorae  m'e  really  or  practic&Uy 
iufoBible.     But  fusion  the  metallur^t  must  have:  the  theoi-etiGal  clioioe 
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wiis  bi.'fot*e  lum  ofclmoeing  between  the  moiiit  or  sylvative.  and  the  dry 
or  igaieoud  process  of  effecting  liquiditj'.  Ho  was  driven  by  practical  consider- 
nUcfoa  to  accept  the  latter;  thereforo  fusibility  ia  &  cgnJition  so  irdier^nsablc 
to  enocesa  in  liis  fuUire  opcrationfi  tlmt  he  must  have  it.  Hu-hv.  then,  was  he 
td  solve  the  problem  of  efiectinf;  tJic  fusibility  of  things  wluch  are  hy  their  m 
ture  infusible  ?  Chemiatry  renders  the  sulutioii  of  this  problem  eafij  t  there  Ai"0 
mAay  substances  which,  though  iur 
fo^hle  when  heated  by  tln^inf^elves, 
fuae  rendily  enough  when  heaU^d 
in  cotnbinatiQn ;  heuce  arises  tliQ 
theoiy  of  yiijTf's  and  Jhu-ui*j,  tlie^o 
tormfi  1>eiiig  respect!  vuly  npphed  to 
Eubsifvticea  wliich  iti^part  igneoiiH 
fluidity,  wlieu  heated  \iith  other  sub- 
Stances,  and  to  the  nuumer  of  u&ing; 
thmn,  Siiica,  or  silicic  add,  is  eih 
ufiible  body  when  heated  alone; 
neverthelciis  it  fuses  when  Kiifll- 
eiently  heated  in  coutnot  i\'ith  pot 
^odii,  or  their  respective  ciir- 
and  Jess  readily  when 
heated  in  contact  Mith  oJlitvlino 
earths.  Hence  if  tJie  metallurf^c  problem  were  to  present  itself^  of  extract 
iii^  a  metal  by  fire  &oin  a  mixture  of  the  aanie  witli  silica  (chenuofiUy  silicti: 
acid),  p*'»tAah,  or  ffoda,  or  their  respectiv^e  carbouatesi,  would  be  had  recourse 
trt  in  profeiviifto  to  nil  otlicrs,  if  considerations  of  profit  and  loss  did  not 
inteiTcne.  Tlie  price  of  tlie  alkaUes  and  (iarbonatea  of  aUtalica  does 
not  ^vimit  of  theii*  coinmoii  appheation  to  the  pitrpDeeB  of  a  flux  on  the  largo 
nn'tftllurgic  scale ;  wherefore  the  smelter^  not  bcmg  able  to  use  tJie  flux  which 
chonustry  proclwitnft  to  be  the  beat,  contents  himaelf  with  a  substitute  as  near  to 
the  Uieyretic  qimlity  aa  may  bo  praclicublc.  Thus  where  eJkalies,  or  carbonatce 
of  alkflliyg.  would  liave  been  emplftywl  to  facilitate  i^eoua  fusion  in  tlie  labo- 
ratory, and  oa  the  small  scale — probably  Knic,  or  caibonate  of  lime,  T^ould  be 
employed  in  the  lai-gcr  representation  of  tlie  process  as  performed  by  the 
metallurgigt. 

Not  only  do  tlie  alkalicB  and  their  carbonates  perfuim  tlio  functions  of 
flfiices  to  silicic  acid*  b«t  also  to  several  metallic  oxides ;  amongst  which  those 
of  leiwl,  copj>er.  and  irtm  may  be  ciLed  a-s  fimiiliar  examples.  Every  persnu 
knoll's  that  nint-glaaa.  as  it  ia  colled,  contains  oxide  of  lead,  thiit  Itbiclc  bottle- 
gla^H  contains  oxide  of  iron— combinadous  which  illustnUe^  perhaps,  as  well 
«a  any  w^  could  ad+Uice.  tlie  qnality  of  tlie  allnidiee  ivhicli  imparts  to  thcni  tlic 
power  of  a  flux.  When  it  is  confddcrcd  tliat  nearly  all  tlic  coltnirfl  wliich  can 
U*i  bnpurttHj  to  jjliis^,  nay,  which  ate  impailed  to  porcelain  and  enainE'l,  are 
rtJiirable  in  coniliinRtiona  of  metallic  oxides  i^Tith  silicic  acid»ai^till  fnrtlier 
notion  will  Ik?  conveyi'd  of  the  extensive  ranpe  of  coDihiiiation  which  may  be 
produciHl  by  siliuic  acid  under  tlie  influence  of  i*{:neoU3  fusion. 
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Neit,  perkapa,  to  potnah  and  soda,  in  respect  to  its  large  range  of 
agency  tiB  on  igneous  flux^  oomeB  boriix.  Si^ldoin  ia  it  that  the  aAsaj^r  in  hi& 
taboratoiy  opcrutions  on  mineral  ores  by  fire  dlApcnHes  both  ^Ith  alkaUea 
imd  ^ith  bomx ;  but  here  in  this  case,  ngtun,  considerationa  of  expense  re- 
strict the  oppUcatiot)  of  tliis  miLtcriul  to  tlie  hiboratary,  and  ihQ  tmieU^^r  is 
obliged  to  cant^ut  liimself  with  Jhiiics  much  lower  in  the  scale  of  chemical 
power  sind  cflitieucy*  Perhaps*  howuver*  Uiere  nmv  not  be  so  many  advim- 
tages  lost  from  the  non-employineut  of  UiborEitory  tliixes  on  tlie  large  scale  98 
IS  sometimes  imag^ied.  To  adopt  $oda,  or  potash,  or  borax,  though  compatlbtd 
witU  tlic  OGonomical  mraiigeiTtentiJ  of  tlje  labomtorj  cheniiBt,  vrho  T^dll  not 
licsitato  to  ruin  a  crucible  at  each  ojjeratioii,  might  still  accord  very  ill  witli  the 
economy  of  furnnce- building.  The  tUchcmistB  tried  to  discover  a  fluid  which 
should  hftvo  the  pmperty  of  diBsolvui^  all  things  wherewith  it  might  come 
into  contact :  lliey  neglected  to  reflt'-ct  that  a  necessity  woidd  arise  for  a  rcsael 
to  keop  it  ui.  It  jnight  be  tliua  inth  metallurgists  ou  the  Itu^e  scale,  if  Iftbo- 
ratory  ilu^eia  wer^  cheap  enough,  and  plentiful  enough*  to  be  adopted  on  the 
large  sc^e. 

Though  the  niunber  of  flnxes  which  (he  motallurgiat  has  at  ids  eotntnaod 
far  large  operations  of  smelting  Lo  inconsiderable  by  compaiisoii  T^nth  lliose 
employed  iii  laboratory  operations,  nevertlieless  the  pro<;eEfi  of  asaaying  is  one 
30  important  to  tlie  metdllurgiat  tliat  even'  tlux  known  to  the  chemiat  de&erv«» 
liis  oonsideration.  Under  the  subject  of  assftnng^  therefore,  to  be  adverted 
to  hereafter,  tho  chemical  agents  vdW.  be  fully  disciiysed. 

The  prelhninary  operation  of  di-essing  hii^ing  been  performed  on  a.  mine- 
ral, also  the  further  operation  of  roastmg  if  ueccssar^%  the  tinal  operatio©  of 
smelting  naturally  follows .  After  the  general  sttitemeut  we  have  given  of  the 
nature  aud  properties  of  Huxes,  it  will  be  seen  tlint  the  opemtioii  of  extTBcting 
metal  &om  a  motalhc  ore  by  smelting,  consists  in  subjecting  it  to  fiimflce- 
heat  in  admixttire  with  some  llnx,  the  object  of  the  latter  being  twofold ;  pri- 
marily to  liquefy  and  dissolve  nwiiy  refiiBc  matters,  by  themselves  infu&iblo; 
and,  sec'jndarily,  in  some  cases  to  aid  the  decomposition,  by  tho  result  of 
which  tlie  metjil  is  evolved  from  its  combinations.  It  remains  now  for  tho 
completion  of  our  skelijh  of  the  appliances  of  mctaJlurg}-,  that  we  indicale  the 
peculiaiitioa  of  tlie  differeut  furnaces,  and  tlie  appendages  by  mcana  of 
which  the  operation  of  smelting  is  oilected. 

Fuznacfis. — The  various  forms  of  fiimaces  admit  of  division  into  two  well- 
marked  primary  classes  :  oue  clafiia  in  which  die  niflterial  to  be  acted  upon  ia 
brought  in  direct  contact  with  fuel ;  the  other  cliiss  in  wluch  tlie  aetitig  f'ael 
and  the  material  acted  upon  are  separated  from  each  other. 

Either  of  these  fumQces  may  be  supplied  with  airfi-om  ablastof  aome  kind. 
op  they  may  depend  for  theii"  supplj-  of  aii-  on  IIh*  tlraught  of  a  chimuey-blittfl: 
aoeordingh',  in  referenec  to  thwsc  peculiarities  we  oj^lahlish  a  dixHi^on  offiirnSLOea 
into  bLaHt-fumacea  and  \vind-fumiLCC8.  Tlio  first  class  of  furnaces,  or  thuso  in 
wliJcU  tlic  matciial  and  the  fuel  arc  placed  in  contact,  ditl'er  iu  form  and 
general  intention,  according  t/i  certain  obvious  peculiiirities  of  conatmction, 
Stime  merely  consist  of  n  flat  expansion  or  bcnrll),  upon  winch  tlie  fiipl  in»T 
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either  smoidder  and  develop  a  long- continued  gentle  heat,  as  in  the  ordinary 
lime-kiln ;  in  the  kiln  or  hearth  npou  which  copper  pyrites  and  copper  matte 
are  heated  or  roasted,  and  in  many  similar  forms  of  hearth-furnace  employed 
by  metallurgists,  chiefly  to  accomplish  roasting  operations ;  or  the  fuel  may  be 
urged  to  almost  the  highest  degree  of  heat  of  which  a  furnace  is  capable,  as 
we  see  exemplified  in  the  smith's  forge.  A  modification  of  this  form  of  furnace 
is  employed  in  Britain  in  the  smelting  of  considerable  portions  of  our  lead 
ore.  If,  however,  it  be  desired  to  raise  the  intensity  of  furnace  heat  to  the 
highest  pointt  the  hearth-construction  of  furnace  must  give  place  to  others  on 
the  type  of  a  cylindrical  or  conoidol  vessel.  Perhaps  the  highest  degree  of 
furnace-heat  known,  is  yielded  by  our  enormous  iron  blast-fiimaces,  hereafter 
to  be  described  in  the  treatise  on  iron. 

Usually  the  aid  of  an  artificial  blast  is  only  sought  for  the  first  division 
of  furnaces,  namely,  those  in  which  the  fuel  and  the  material  to  be  acted  upon 
are  employed  together.  This,  however,  is  by  no  means  universal.  To 
furnaces  in  which  the  substance  acted  npon  does  not  come  into  contact 
with  the  fuel  used,  the  term  reverberatoiy  furnace  is  applied.  Amongst  other 
metoUnrgic  applications  of  this  tbird  kind  of  furnace,  those  of  iron  puddling 
and  balling  may  be  especially  mentioned. 

Still  more  important  than  an  acquaintance  with  the  various  terms  conven- 
tionally applied  to  furnaces,  to  the  form  of  their  construction,  or  the  objects 
they  are  intended  to  subserve,  is  a  full  comprehension  of  tlie  chemical  principles 
npon  which  their  efficiency  depends ;  and  with  that  we  have  to  deal  here.  A 
faniace  may  be  said  to  be  a  contrivance  for  giving  the  best  practical  effect  to 
the  laws  of  combustion  as  directed  to  some  practical  end.  It  will  hence  be 
proper  that  we  take  a  casual  glance  at  these  laws,  as  a  branch  of  chemical  phy- 
sics applied  to  metallurgy.  All  ponderable  bodies  are  conventionally  divided 
into  combustibles  and  supporters  of  combustion ;  thus,  for  example,  coal  is  said 
to  be  combustible,  and  air,  or  ratherthe  oxygen  contained  in  the  air,  is  said  to 
be  the  supporter  of  combustion  tmder  the  usual  circimistances  involved  in  the 
ordinary  combustion  of  coal.  This  division,  though  usual,  is  purely  conven- 
tional ;  the  function  of  combustion  being,  in  point  of  fact,  a  result  of  chemical 
action  betwen  two  agents,  and  appertaining  to  both  ;  whence,  in  strict  language, 
coal  or  the  materials  of  coal  and  atmospheric  oxygen  gas  are  equally  tiie  subjecte 
of  combustion,  and  therefore  combustible.  Nevertheless  the  conventional 
distinction  between  combustibles  and  supporters  of  combustion  has  attained  a 
certain  significance,  rendering  it  convenient  of  appUcation  in  a  practical  sense. 
If  we  mentally  review  the  substances  of  combustion  they  are  sufh  as  most 
obviously  present  themselves  to  common  observation.  Before  the  employ- 
ment of  hydrogenous  gas  for  heating  and  illuminative  purposes,  all  popu- 
larly known  combustibles  presented  the  qualities  of  being  visible  and  tangible ; 
their  oombustive  property  was  known  long  before  the  theozy  of  combustion 
had  been  suspected,  and  at  periods  when  the  existence  of  gases  was  looked 
apon  as  matter  to  be  doubted  or  disbeUeved ;  no  wonder,  then,  that  the  new 
power  involved  in  the  combustive  operation  was  so  long  unsuspected,  and, 
when  discovered,  allowed  a  subordinate  place  only.  Though  all  material  bodies 
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be  impressed  with  the  qurUity  of  muu^teriug  ko  the  coinbustive  fniiclion, 
either  in  the  sense  of  a  combustible  or  a  sappotter  of  canibustion — nove'Tthe- 
Ica^.  tliQ  bodies  which  0^^  of  e.  iiatiii'ci  eunhlin^^  mmi  to  rciUise  them  as  coatr 
bustihlea  ari^  few.  Above  tuU  tliijigd  it  ia  iieceasurj  to  the  efticiencr  of  a  com- 
biLstibie,  practically  cotiaidered,  thut  the  result  uf  its  combustign  fihnll  lie 
^^laeou^,  Wheu  pure  charcoal  bums,  uo  residue  or  Anhea  aro  kfb :  the  sole 
roaiilt  of  combiiatioti  is  a  j^as,  wliich,  by  reason  of  its  jintiire,  pftsses  awuy. 
KvQH  when  ordiusry  chamoal  in  useiU  the  ftahcs  are  but  inconsiderable  ;  and 
if  i>oke  or  coal  bo  the  fuel  employed*  iha  amount  of  sohd  residue  etill  bears 
but  inconsiderable  proportion  to  the  mass  of  fuel  originally  used.  Guided  by 
the  liniTting  oooside ration  of  gaseous  products,  it  is  easily  Been  that  the  onJy 
chisa  of  bodies  having  any  claim  to  be  regarded  aa  combustible,  iti  a  pnu^tical 
ticnae,  Eire  tug — the  hydrogenous  and  the  cai'bonac^ous  forms.  All  the  natu- 
rally  f>ccurnug  fuels  present  ua  with  a  mixturi^  of  those  ;  coal  in  aU  its  varieties. 
wood,  and  peutt  so  obviouHly  beaiinji^  out  the  propotdtion  tliiit  uo  Illustration 
is  required.  Ref(>rcneo  to  the  ohejuit^al  candition  of  carbou  and  of  hydrogen 
reapedively  whiiu  burued  will  bring  to  mind  the  fact,  that  in  proportion  as 
hydrogen  preduuiiimtes,  bo  wiU  tiio  t^mbustion  be  more  flaming ;  and  con 
rersely.  in  proportion  aa  hydrugen  is  absejit.  so  will  tlie  resulting  combus- 
tion be  of  th«  inoandesG«nt  or  gloviing  kind,  like  that  of  i^ted  charcoal  Of 
hite  much  attcaliou  has  been  devoted  to  the  problem  of  af>certaininig  the  com- 
parative value  of  fuclH.  On  tlib  point  some  remarkK  ^\tI!  be  offered  in  the 
eiequel ;  but  wo  mn-y  hert^  remark  that  the  deductions  have  not  been  nttouded 
ivitli  a  currcspondiiig  iLmouut  of  practical  success,  chiefly  hccaufie  of  their 
too  hternl  oud  exclusive  appliofl-tion, 

ThereuJ  amomit  of  heat  capable  of  being  developed  by  tiie  C^ven  weight  of 
a  oombuatiblu  by  refined  clmmical  means,  is  ao  involved  wiih.  other  fondi 
tions  iu  pmcUce  as  to  he  of  itself  little  worth-  The  mechanical  aggregation  of 
any  pai'ticuhir  combustible,  is  at  leiu^t  au  clement  of  cousidemtion  of  equal 
voluo  tu  its  real  chemical  power  of  evohing  heat.  The  trutli  of  ihis  prc{>osi- 
iion  is  amply  home  out  by  tlie  f^nihar  operations  uf  coking  and  chnrcK*al 
making.  Weight  for  weight,  cotd  hRS  more  combustible  heatgeneratLii^^  mat 
ler,  than  coke  uml  wood,  or  than  the  charcoal  made  from  wood.  Nevorlhe- 
leas,  the  meuhoDieol  or  pii3'SLC4Ll  conditions  of  coal  and  w<xfd  are  Huch,  tliat  they 
iwo  toti\lly  unadapted  to  many  of  those  heat-geuerfltiiij^  operations  wMdi 
coke  and  oharcool  efficiently  subserve.  The  tixednesaof  carbon  andUie  vola- 
tiUty  of  hydrogen  suggest  the  cases  in  which  the  supeiior  ahm  ilute  heat-develop- 
iug  power  of  the  former  would  be  more  than  compeneatcd  by  ihe  iufeiior  local- 
ized heat-generating  power  of  tlie  lutttrr,  Accortlingly,  iLcott  indicate*,  and 
practice  confirms  the  iudieation,  tliat  in  all  cases  whcrwcr  it  ia  dodred  U* 
bring  tlit*  fuel  and  the  material  to  be  fused  into  actual  contact^  a  non-hydro- 
geuous  fuel,  audi  arcoke  and  charcoal,  ia  to  be  nought.  Wlieu,  however,  the 
aubstanee  to  be  acted  on  is  £>ittiated  npni-t  from  the  fuel,  tlien  the  latter  niAT, 
though  nut  ueceai^arilyso.bc  hydrogenoua.  Even  the  carbouacQouH  fuelft  maybe 
made  to  yield  ilame  by  particnbxr  treatment.  IfatmosphericaivheRUpplieidlo. 
the  extetit  of  nujUMtertni;  to  the  full  wants  of  cai^br^noceuuft  combustion.,  there 
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is  no  flame,  because  the  carbon  is  immediately  and  entirely  changed  into  car- 
bonic acid ;  if,  however,  the  supply  of  air  be  more  scanty,  or  if  the  fuel  be  so 
arranged  that  the  carbonio  acid  originally  formed  has  to  permeate  white-hot 
carbon,  it  is  practically  deoxidized,  changed  into  carbonic  oxide,  a  combusti- 
ble gas :  hence  flame  ensues.  So  important  did  it  seem  to  obtain  a  strongly- 
flaming  fuel  for  use  in  the  reverberatory  iiiinace  operation  of  iron  puddling, 
tiiat  not  merely  gas-yielding  bodies,  but  gaseous  mixtures  have  actually  been 
proposed,  and  to  a  limited  extent  carried  into  practice ;  moreover,  the  uncon- 
sumed  inflammable  gases  which  escape  from  iron-blast  smelting  furnaces  is 
sometimes  collected,  and  appUed  as  a  heating  agent  Probably,  however,  the 
latter  application  is  one  in  a  wrong  direction.  It  may  be,  and  probably  is  true, 
that  if  an  escape  of  combustible  gas  take  place  from  one  of  these  furnaces 
sufficient  to  be  of  consequence  as  a  heat-giving  flgcncy,  this  circumstance  sug- 
gests an  imperfection  in  the  economy  of  the  furnace.  Instead  of  endeavouring 
to  collect  the  escaping  gas  to  be  used  as  a  combustible  therefore,  it  might  be 
preferable  to  take  measures  for  burning  the  gas  while  yet  in  the  furnace, 
thus  rendering  the  heat  developed  by  its  combustion  effective  in  the 
furnace  operation.  Many  Knglisb  iron- manufacturers  who  at  one  time  used  the 
inflammable  gases  of  their  furnaces  as  a  heating  agent,  have  since  abandoned 
the  practice ;  and  a  sort  of  inferential  testimony  to  the  disadvantage  of  the 
process  is  afforded  by  the  weU-marked  and  ingenious  effects  developed  in  the 
primary  operation,  if  the  collecting  of  the  gaseous  results  be  made  lower  down 
in  the  body  of  the  furnace  than  a  line  coincident  with  the  termination  of  the 
first  third  of  the  vertical  height  of  the  furnace  shafL  If  the  gases  be  with- 
drawn higher  np  than  this,  they  are  mixed  with  so  much  combustible  material, 
such  as  nitrogen  and  carbonio  acid,  that  they  are  worthless  as  heating  agents ; 
if  they  are  withdrawn  lower  down,  the  smelting  operation  is  prejudiced  by 
the  removal  of  carbonic  oxide — an  important  agent  in  accomplishing  the  re- 
duction of  iron  ore. 

The  subjoined  table  will  show  the  composition  of  the  gases  thus  with- 
drawn from  iron  furnaces  in  three  different  works,  %.€.  Veckerhageu,  Clerval, 
and  Bamm  :~- 


tl.).   151ft. 

Nitrogen 62-47  — 68115 

Carbonic  acid  ....  3*44  —  1376 

Carbonic  oxide.    .    .    .  3008  —  3265 

Carburetted  hydrogen    .  224 —    000 

Hydrogen 1-77—    177 


(n.)  IS  ft. 

64-28  —  63-20 
4-27— 12-45 

29-17—18-57 
1*28-  1-27 
1-05-    4-51 


10000      10000 


10000     10000 


Begirding  the  comx>oBition  of  the  gases  from  Veckerhagen  and  the  gases 
from  Barum  (L)  and  those  from  Clerval  and  Barum  (II.)  as  almost  mutually 
identical,  a  mean  may  be  taken  in  hereafter  calculating  their  relative  values. 
The  following  table  represents  the  mean  composition  by  volume : — 


UTILIZATION  or  GASEOVS   PBODCCTS. 


Yeekcrfaagcn  and 

Banun  (I.) 
Heui. 


Nitrogen 63*4 

Carbonic  acid     ....  3*9 

Carbonic  oxide  ....  20-6 

Carbnretted  hydrogen     .  I'7 

Hydrogen 1*4 


CScmlaiid 
B«nim(n.) 

UCUL 

60-7 
131 
20-6 

0-6 

50 


10000  10000 

A  composition  by  Yolnmo  which  accords  with  the  following  composition  hy 

weight : — 


Nitrogen  ......    63-4 

Carbonic  acid    ....      5*9 

Carbonic  oxide  ....     29*0 

Carbnretted  hydrogen     .      I'D 
Hydrogen 0-1 


B. 

59-7 

19*4 

20-2 

0*3 

0-4 


10000  10000 

The  former,  however,  are  not  the  only  gaseous  constituents  which  are  evolyed 
unconsumed  &om  coal  and  coke-burning  furnaces.  Occasionally  hydrogen  and 
carbnretted  hydrogen  are  developed,  as  was  found  to  be  the  case  by  Ebelmen 
in  the  gaseous  evolutions  of  furnaces  at  Vienne  and  Port  L'Eveque. 

"Whilst  on  the  subject  of  the  utilization  of  combustible  gases  which  escape 
from  iron-fiimaces,  it  may  be  well  to  indicate  that  the  idea  first  originated  in 
1812,  at  which  date  Abberlet  obtained  a  patent  for  the  application  of  gaaea 
thus  developed,  to  metallurgical  purposes.  In  1830  an  attempt  was  made  at 
Holsbrucke»  near  Freiberg,  to  employ  the  flame  of  coal-gas  as  the  source  of 
heat  for  cupellation ;  in  neither  case,  however,  was  the  proposition  carried 
out  to  complete  success,  or,  indeed,  fully  inaugurated.  The  merit  of  accom- 
plishing the  latter  is  due  to  Faber  dn  Faur,  who,  about  the  year  1838,  tested 
the  value  of  the  suggestion  on  the  furnaces  of  some  iron-works  at  Wurtem- 
berg. 

However  doubtful  the  advantages  may  be  of  collecting  gaseous  matten 
from  iron  furnaces,  and  utilizing  them  as  fuel,  the  prospective  advantages  of 
employing  combustive  gases  in  this  way  have  seemed  considerable  enough  to 
warrant  the  invention  of  several  contrivances  with  this  end  specially  in  view. 
In  France,  and  more  especially  in  Silesia,  combustible  materials  are  gasefied 
with  special  reference  to  employment  of  the  resulting  gas  iu  furnace  cipertb- 
tions.  We  have  alrea^ly  adverted  to  the  disadvantages  which  the  Bzitiah 
iron-master  encounters  from  tlio  necessity  he  is  under  of  smelting  with  a  fwH 
holding  injurious  q'hantities  of  sulphur,  phosphorus,  and  some  other  impuri- 
ties. Reflection  on  these  conditions  wUl  indicate  the  advantages  which  shonU 
theoretically  accrue  from  the  substitution  of  gaseous  combustibles  devoid  of 
such  matters ;  practically,  however,  much  cannot  be  said  in  fEivour  of  gaseooi 
iron -smelting. 
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BiimG  few  jeara  awG«  considertiibb  ititerost  was  excited  by  a  patent  tiLkeu 
out  by  Mr,  Reeoe  for  the  courewioa  of  peat  into  valuable  products,  by  a  nnxli- 
fied  prt:»ce8B  of  destnictive  distilLiticin.  One  of  ih.-&  gub^idiarf  proposidoii:^ 
involved  by  Uiis  pateut  was  the  eisploymout  of  tlie  gaseous  matkei-»  evolved 
to  effect  the  smelting  of  iron.  It  wan  hoped  tliat  flm  rt^ault  would  be  equal 
to  Swedish  cliarcoal  wrouglit-u-oii,aiid  tJint  we  ahouid  be  rendered  totally  iude- 
peudeut  of  that  source  for  our  supply.  The  process  of  Mr.  Keece.  however,  has 
iniio  way  answered  the  expectations  cnt^rtiLiued  of  it.  One  of  the  most  powerful 
iitcentivoE^  to  tlie  employment  of  gxseoiis  oambuHUbles  has  aiisen  in  countiieis 
where  eh&rcoal  fael  is  much  ua^d ;  and  &oin  tliB  con.sideralion  of  tlie  clrcum- 
etULce  that  the  mechanical  candibous  of  powdered  charcoal  render  it  unadapted 
to  famacc  operationa.  Every  person  who  lias  been  accustomed  to  work  witli 
charcoal  as  fuel,  even  on  the  smallest  scale,  must  have  e^tp^ienced  the  loss 
which  arises  from  the  pulverulent  quality  of  tlmt  substajace,  aud  can  reivlily 
uniij^e  that  this  diaadvaiitago  ineroases  when  charcoal  is  employed  on  tlie 
mannfflotiuing  scale.  Now  tlie  powder  tlius  reffulting,  though  unfit  to  be 
cinpli.>jed  in  the  condition  of  funiaco  fuel,  is  in  the  be^t  state  uf  mcchnmcal 
disa^ggregatian  to  be  converted  mia  gas.  Perhaps  tlie  most  succesaful  ai> 
paratus  for  effecting  tlie  goaificntiuu  uf  eharcoal  is  one  used  in.  France^ 
and  constructed  on  the  model  of  an  iron  smelting-funiace. 

It  conxL*!ta  of  a  funnel  or  hoppi^r  into  vvMcli  the  jjowdored  charcoal  la 
thro'wn,  whicli  latter  Ainks  by  it&  own  weight  into  the 
body  of  the  famace,  aod  is  there  exposed  to  a  curreiit 
of  air  forced  upwards  throu^lx  it,  by  a  blast-pipe,  wliich 
enters  the  furnace  uudBineath.  If  the  hopper  be  kupt 
well  iillud  with  charcoal  powder,  no  gaa  will  escape 
&Din  itfi  orifice ;  but  the  entire  result  of  gasification  will 
fijid  exit  by  a  tiiyere+  und  this  under  eoiisiderablo  pres- 
Stxte,  The  apparatus  in  questian  is  npecialty  desi^ieil 
for  the  combustion  of  charcoal  powder;  lamp  chare  oml 
mftV,  however,  be  nseid  if  the  furnace  or  hopper  br> 
fiUppH^'d  witha  cover  to  retain  the  gaseous  products  eO 
combiii^tion.  Independently  of  the  mere  qui^tion  as  I  i 
the  ftilvADtflges  or  di*a^dvnntagc3  of  gaseous  combu-^ 
tkbles  abstractedly  considered,  the  process  ol'  -j  i 
gciierfiLion  by  the  trariHuuHsion  of  atmosphcrir.^  iiir 
tiiroiipl)  hurauig  materials  is  attended  with  collateriil 
difficultius.  IS  care  be  not  taken  to  prevent  the  nd 
nuKftion  of  more  atmospheiie  air  tliEm  is  actually  ru 
^joiTiMl  to  Hubsfun^'e  the  process  of  alow  cambustiou, 
on  expIoHive  mixture  is  fonned,  and  dunger  from  Uiat 
OAUde  i»  iinmiuent:  on  the  other  hand,  i£  the  gaseous  materials  be  allowed  to 
ttoape  uncouaiuned,  the  attendant  workmen  ore  hable  to  be  poisoned. 

Viktvxal  and  ArtillcUX  ElaaU* — Next  in  rolatiou  V?  fiirnace-hent  we 
have  Ui  p*)nsidei'  tlie  vurious  means  had  recourse  to  for  producing  atmoHpherio 
citrrenti!*     lljese  admit  of  diviswn  into  nutural  and  mechanicnl ;  Lhcfornim" 
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■  \  ^  I'udmg  ilie  varioua  forms  of  chinuiey  draughts,  iLe  latter  all  thuse 
ppUcadoDs  of  compressire  means  which  will  be  presently  set  fg>rth 
ill  ticUil.  TliG  action  of  chiiimej  draughts  is  iiuxaedlAtely  ref«rftble  to  and 
tlependeut  upon  Qie  drciuiistaiioe  tliat  atmospbcric  air,  like  oil  other  gtuea 
and  QiDflt  oLher  bodies  of  whAtover  cohesive  &\Atb,  is  expanded  and  rendered 
specifically  ligliter  hy  lieat.  Thousands  of  examples  of  this  tesolt  wstiiiuidly 
prtjsent  themBelvcs,  from  \«'Uic]L  ire  filial!  select  n  fevt  promiDcnt  illustratioiis. 
An  UJuBtr&tioii  of  tJie  dimiuutiun  of  specific  giiir\'ity  of  a  f^aseoue  mixtttre  ii 
funu&hcd  by  tho  blowing  of  suap^bul^bles.  The  function  of  reapiratlan  causea 
II  portion  of  the  air  takeu  iuto  tlie  Itings  by  the  adt  of  breathing  to  lie  robbed 
of  its  oxygen,  whiclit,  by  combliiiug  with  the  carbon  of  the  blood,  forms  car- 
i»onic  acid,  and  is  in  this  state  of  combination  expired.  Seeing,  tiieu,  that  the 
iitr  cxpu'ed  from  the  lunga  ia  not  pure  atmosphenc  air,  but  a  uiixtture  of  th« 
latter  vrith  nitrogen,  carbonic  acid,  and  aqueous  vapours,  it  foUo^'B  that  tha 
Kpef:iiic  gra^'ity  of  the  gaseous  matehid  expired  la  heavier  (at  eqtial  tempera- 
luro^)  than  that  of  tlie  unchanged  ntmospheriq  air,  Altlu>ugh»  then,  a  Boap- 
hnbble,  blown  vith  warm  uir  ^om  tho  lungs,  risea,  thia  rising  cauuot  dc^ 
j»eTtd  on  any  quality  of  diniini!<ihod  specific  ^R^ity  as  a  functJoai  of  the  gaseous 
matter  whcrewitli  the}'  am  filled,  inasmuch  as  we  have  seen  the  latter  to  be 
KpeGjiically  henWer  by  the  amount  of  carbonic  acid  present :  it  depends  on  the 
rircuDwtauce  that  tlie  ga^eoua  materiala  are  expa-nded  by  heat,  owing  their 
iuerea&od  lightness  to  tlmt  cause.  Hence  it  Is  that,  although  for  a  time  tho 
bubbles  a^cnd.  thoir  ascension  is  not  contiuuoti»— as  would  liave  been  lh» 
rase  had  they  been  filled  with  hydrogen  gas — ^but  only  temporary ;  as  soon  aa 
their  gaseous  coutcnla  become  c^^oled  to  such  a  degree  that  they  are  Bpecih- 
cally  heavier  Unm  the  external  air,  they  descend. 

An  inetruetive  toy,  dejuonstrating  the  oacennire  tendency  ol  heated  airi 
is  represented  in  Fig-  0.  A  circniar  disc  of  oajd- 
board  being  cut.  a  piE>ce  of  thread  ia  attiu'h«d  to 
the  centre  ;  and  hcing  fixed  to  a  hofA,  the  card 
is  suspended  from  a  tixed  support.  Thus  treated, 
the  cut  card  unravels,  aud  t>ccomc3  a  conoidal  screw 
helix,  susceptible  of  rotation  when  au  upward  foroe 
i&  applied. 

If  uow  any  small  source  of  flame  be  placed  UO* 
derneath,  the  hcUx  vdll  rotate,  thus  demoutttmttag 
tlie  agency  of  an  upward  force,  which  eridcntly  u 
that  of  air  afi^^^ndiiig,  on  account  of  the  dimini^iod 
specific  grayity  rcfcritble  to  expanaiou  by  heat.  On 
precJaely  aimilar  principles  ia  constructed  tha 
Amolce  jock,  ajs  it  ia  called :  an  instrument  whose  rutati<jn  is  totally  indepeadsol 
of  smoke*  and  is  nltogetlier  rcft'rable  to  the  oi^cenHtve  force  reaultiiig  ^m  tbi 
expansion  of  atmospheric  air.  Alanifctited  in  a  dlflereut  way,  though  i^ferabl* 
to  the  smno  priniar^^  cause,  is  Llie  force  which  cauj^es  the  anant  of  a  Meal' 
goliier  or  &re-baUoon. 

Chininiiy-draught  is  a  natural  &nA  very  obvioua  cnnseqaonce  of  the  expiui' 
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sioa  of  air  by  heat,  to  wliicli  our  attention  has  been  directed.  The  combustible 
materials  cannot,  as  is  well  known,  bum  without  the  contact  of  air.  Part  of  the 
air  concerned  is  separated  into  its  constituents ;  one  part  of  oxjgen  uniting 
with  carbon  to  form  carbonic  acid,  another  part  with  hydrogen  to  generate 
water — a  final  portion  of  air  remaining  nndecomposed,  and  escaping  as  it  went 
in.  Whateyer  the  gaseous  or  vaporous  constituents  which  escape  &om  burning 
matorials  may  be,  they  are  heated  by  the  fire  to  which  they  hare  been  exposed, 
and  are  for  that  reason  expanded;  hence  tliey  have  become  specifically 
lij^iler,  and  ascend,  leaving  a  partial  vacuum  iu  the  cliimuey  or  shaft,  to  be 
made  good  by  a  further  flow  of  atmospheric  air,  or,  more  properly  speaking, 
tlie  gaseous  results  of  its  decomposition.  A  consideration  of  the  principles  on 
which  the  draught  of  a  chimney  depends,  will  render  manifest  tiie  &ct  that  a 
cidmney  may  be  too  long  for  the  most  complete  activity  of  which  a  chimney 
ia  susceptible.  If  it  be  so  tall  that  the  upward  currents  of  air  have  time  to 
cool  until  its  specific  gravity  becomes  lower  than  the  specific  gravity  of  the  ex- 
tenud  air,  or  even  coincident  with  it,  the  practical,  no  less  than  the  theoretical, 
length  has  been  exceeded.  It  wiU  be  evident,  moreover,  that  in  order  to 
obtain  the  maximum  heat  for  any  given  fuel  of  which  a  furnace  is  susceptible, 
no  more  air  should  be  allowed  to  permeate  tiie  burning  materials  than  the 
amotot  absolutely  necessary  to  promote  the  highest  rate  of  combustion.  Any 
amount  of  passing  air  in  excess  of  this  theoretical  quantity,  whatever  it  may 
be,  acts  as  a  cooling  agent;  and  instead  of  augmenting  the  power  of  combus- 
tion, diminishes  it. 

All  furnaces  which  rely  on  mere  clumney-draught  for  determining  tiie 
passage  of  atmospheric  air  through  tiie  materials  of  combustion,  are  under 
tlie  necessity  of  sacrificing  a  portion  of  fuel  to  the  object  of  producing  the 
necessary  flow  of  air ;  hence  for  the  greater  number  of  operations  requiring  a 
very  intense  heat,  chinmey-dranglit  as  a  means  of  effecting  aerial  transfusion 
is  dispensed  with  in  favour  of  some  form  of  blast.  There  are  some  purposes, 
however,  for  which  the  application  of  a  blast,  in  the  ordinary  sense  of  tiie 
term,  would  ^be  inconvenient;-  in  which  a  cliimncy- draught  must  be  reUed 
upon  to  some  extent ;  its  power  being  increased  by  some  collateral  means. 
Iron  tubular  chimneys  do  not  answer  well,  because  of  the  rapidity  wherewith 
heat  is  lost  through  this  8u1)8tance,  and  the  specific  gravity  of  tiio  gaseous 
matter  ^riiieh  they  pour  forth  diminished.  Nevertheless  iron,  or  at  least 
metallic,  chimneys  are  a  necessity  in  the  case  of  stcam-veesels  and  locomo- 
tive carriageB.  Neither  one  nor  tiie  other  can  dispense,  therefore,  witli  a 
powerful  draught,  which  is  accomplished  by  the  upward  pressure  of  a 
8team-jet 

Tlie  effect  of  this  liberation  is  to  drive  a  column  of  atmospheric  aj* 
lenUy  before  it,  thus  compensating  not  alone  for  the  cooling  tendency 
mrtftrialH  of  the  chimney,  but  for  the  inadequate  height  to  whicli  the 
iteelf  is  limited  by  the  necessities  of  steam-ships  and  locomotive-cr 

The  pressure  of  steam  applied  as  above-mentioned  is  very  giv 
considered  as  a  means  of  air  propulsion,  without  regard  to  t> 
parted,  there  ia  no  method  of  prodncing  a  blast  e^aeXiy  effect 
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same  timo  most  aucple ;  it  la  r^preflented  in  the  two  preceding  cUogrsmfi 
Bcclioniillj.  Fig.  T  represents  a  cylinder  or  clnim,  cut  transreiBely  to  its 
axis,  &tid  displftxing  tli©  settionftl  -view  of  four  ranea.  Fig.  ft  repreeetil;i 
the  BamG  cjliiidcr  cut  par&lkl  to  its  a^is,  and  diffplHviiig  two  central  op^iiDg»i  i 
one  on  BRch  side,  i 

When  the  vane  is  put  in  motion,  air  enters  by  Uie  cenbul  apertures,  &nd  \n 
forcibly  and  continuously  driven  ont  through  tlie  apertiu'e.  tlius  constitntin;; 
the  blnst.  Tliia  form  of  apparfthia  haubeen  so  faiuiliarized  bj  being  BubstLtnUd 
for  domestic  belloM'S,  that  its  dcHCidption  is  ahnost  uimeceHsaiy. 

NotwlliiBtnnding  the  disndvnntjigcs,  practical  no  less  than  theoretic, 
which  atlat^h  to  the  employment  of  moist  air  in  fumaco  operations*  hydraulic 
blaBi";  of  f^iniplo  dcBcripdou  are  amongst  tho  moet  rmcieut;  whilst  modem 
TaHtiLioDs  on  iLo  pi-mciple  of  hjdraitlic  blowing  hare  giTen  tisa  (o  BOODie 
filmplo  and  curious  machined. 

The  trompc,  a-a  it  h  called,  is  a  simple  and  iiigcniotm  raeihod  of  detemuji- 
iog  a  current  of  wind  by  a  falling  current  of  Tvatcr.  It  is  a  fi>i-m  of  apparatus 
yeiy  prevalent  in  Catalonia;  hence  the  appelLition  "  Catalan  trompe,"  which 
is  sometimes  appUed  to  it.    The  inBtrumeiit^  lioA\"i?vi?r,  ahglitly  modified,  in 

erajjloyod  in  Italy  nnd  Switzerland, 
being  npplittahlo  to  moimtainouiti 
regions  "v^'hcro  hi^h  falls  of  Ti'atcr] 
can  be  cummanded,  and  the  amotint 
of  atmoaplicric  preasurc  roijuired 
is  inconfiidcrahle. 

iVii  cxaminatioii  of  the  uccom- 
pam'ing  tignre  \'\'ill  render  evident 
the  conKtruciion  and  principlea  on 
which  tliu  trompe  ia  fomided. 

The  diaji^iiin  [Fig.  9)  repnesen! 
a  cisttim  ahovo,  containing  water, 
and  couimnnicftting  \vitli  th&  TCrti- 
cal  pipGB  Tvliich   respectively 
minate   in  two  chcBla.      Betwc 
tli^e  chesta,  and  placing  tliem  in] 
aerial  eouneetiou,  ia  a  semicirculurJ 
pipe;   nnd  flip  pnrt  of  the    appa-, 
ratus  on  ilio  iGft,  Bectionally  i«pre< 
rented,  lOnowu  a  transverse  plan] 
on  wjiiclithe  water  is  broken  in  its] 
fall.     Th«  action  of  the  trompe  is| 
this:— Tlie    vertical     column    oi 
ivater,  in  ita  descent,  carries  befoi«| 
it,  and  mingled  mtli  it,  considemblo 
portions  of  a tnioBpliGric  air:  strilc- 
ing  against  the  transreroe  plank,  a  Bcparation  between  tlie  air  and  water  is 
effected, — tlie  former  paaaing  into  the  arched  lube,  and  escaping  as  a  bbtsi 
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)iigh  ft  tabuliy:  otitice  currespoudiiig  ^^lLU  O,  ^'hil'^  the  'n'ater  passes  iiitu 
the  lower  reaervalt.  Tiiia  fonn  of  appAratiia  would  he  quite  inufu^rutivu  if 
ftpplied  to  fitniacea  heated  with  coke  or  eonj ;  but  it  ausworn  Bufficiently  wcil 
in  cAaos  where  chnrcotd  is  the  fuel  employed. 

CSukin  Bl««t4 — Xhi^  is  a  somewhat  elabotate  application  of  hydraulic 
laws  to  t!ie  purpose  of  cjneating  an  euj  bhisL  It  i&  depicted  in  tlio  nMompanj- 
ing  difl^rmra  (Fig.  10) ,  aad  its 
COQsb'uotiou  is  as  foUowa  :— 
An  endless  chain,  furnished 
with  certain  ftpp^ndogejt,  the 
motive  of  which  we  fiLfdl  pre^ 
Bently  oxpiain^  is  &ecn  U>  pfis:i 
over  a  wheel  or  pulley,  and 
thiongli  a  pipe  which  tcnni- 
natea  in  an  oir-chambor  bi^Iuw. 
This  air-chamhcT  comumui- 
oalea  with  a  bent  tuhe»  as  r& 
prestinted  :  and  a  laieml  tuhc 
pointing  towards  the  left  i^ 
also  seeij  to  be  connected  n  iUi 
the  upper  port  of  tlie  veilicj d 
tubular  shaft.  Glancing,  now, 
hi  the  triiasvcrse  appeiida;^* 
to  tile  endiesa  chain,  placcHl  &t 
regular  iutervaLi  Oirciughout 
lis  length,  they  consist  of 
cylindrical  boxo3  quite  opeu  ut 
one  eudt  aud  capahlt^  of  being 
opened  or  aUut  at  tlio  otlit-r 
end.  each  by  two  flaps  or 
valves*  The  latter  fall  by  their 
own  weight  wlien  tho  cylin- 
dcra  are  ou  the  left,  or,  as  wiU 
be  hereafter  seen,  at  every  part  of  tlieir  downward  descent,  and  open  (as 
represented  in  the  diagram)  when,  moving  upwards.  When  it  is  now 
eiLpliiined  that  water  enters  by  the  lateral  orifice  /,  the  netiaa  of  Uie 
toAcIiiiio  will  be  made  endeiit.  The  TiSTHtor  pressing  successively  on  each 
cylinder,  causes  it  to  descend  through  tiae  vertical  pipe,  conveying  witli  it 
the  air  with  which  it  is  filled,  and  which  cannot  eaeapo,  because  the  valves 
are  nbut ;  each  cylinder,  therefore,  Uberat^a  ila  contents  of  air  into  tlie  air- 
chamber  below,  and  thenco  tlirough  tlie  at^soeiiUed  blatit-tube.  Tassingon,  tho 
Tftlve  side  of  each  cylinder  aguin  looks  downwards,  and  the  A^alves  o]}en. 
only  to  shut  once  more,  and  to  act  as  before  doscribed,  ao  soon  as  ttiey  again 
tiUte  their  downward  course. 

A  still  more  powerful  and  not  leas  ingenious  method  of  creating  a  hydro- 
blnst.  is  furnished  by  the  machine  known  on  th«  Coiitineiil  by  the 
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b«  generally  desvnb^d  u 


name  of  "  G(igni(ir*lelU\"  Tim  instrument  may 
consisting  of  &  c^^lindrical  sctcw.  the  sliait  of 
wJiicli  fits  nir  tight  to  a  cylinder  m  which  it  is 
inclosed  ,-^-the  cyliuder  being  diftgi>uaJIy  placed 
in  &  reaervoir  partially  filled  mlh  WAUir  (Fig. 
11). 

One  end  of  the  cy- 
Und^r  IS  Bec!ii  to  bo  Hal , 
tlie     otlier      ctm'fidit 
Through  the 
trimcated   u-  i  ^ 

|>ex  of  the. 
conoid  a  de- 
livery pipe  1^ 
also  fiecQ  I" 
pass;  but  Ok 
dingTHin  d^  'i  ^ 
not  repfestut 
what  ia  ac- 
tually the 
fact^  Uiftt  the 

flat  end  of  the  tylindcr  ia  open.  It  foUowR  as  a  i^cceesily  of  the  coi)f;t]iictioii 
of  this  instrument,  tlmt  tlie  fttmosphedc  air  vluch  enters  by  tlie  Cfpen  flat 
(md  is  screwed  aluug  by  tlie  combined  force  of  rotation  and  wattir-preasure 
nutil  it  reaches  the  tube  passiug  tlii'ongh  tli4;  truncated  apeiL*  which  tuba  ia  a 
delivery  tube  for  air. 
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CHAPTER  m. 

ON  THE  TARIEXXES  AND  COMPARATIVE  VALUE  OF  FUEL. 

We  come,  now,  to  the  consideratioii  of  a  very  important  matter  in  relation 
to  metallorgy,  the  consideration  of  the  varions  kinds  of  fuel  employed  by 
metallurgists ;  and  the  special  peculiarities,  advantages,  and  diBadvantages 
of  each.  Collaterally,  we  have  already  had  reason  to  remark  that  hydrogen 
and  carbon  may  be  regarded  as  the  only  materials  of  fuel  practically  con- 
sidered ;  we  have  shown  that  hydrogen  is  the  greater  beat-developer  of  the 
two,  but  that  carbon  has  the  larger  sphere  of  atilization.  Collaterally,  too,  we 
have  had  occasion  to  go  somewhat  into  detail  concerning  the  substitution  of 
comboative  gases ;  whence,  therefore,  tlie  remarks  we  now  propose  to  offer 
will  be  limited  to  the  consideration  of  solid  fuel,  both  natural  and  artificial. 

IH-vlsioa  of  Fuels. — GonventionaUy,  fuels  admit  of  division  into  vege- 
table and  mineral — understanding  by  the  latter  designation,  coal  in  all  its 
varieties,  and  coke  the  derivative  of  coal.  We  might  add,  were  it  of  sufficient 
importance,  the  third  class  of  animal  fuel,  inasmuch  as  animal  matters,  fat 
especially,  have  been  employed  in  the  formation  of  at  least  one  kind  of  artificial 
fuel. 

Under  the  head  of  vegetable  fuel,  we  understand  wood  and  wood-charcoal, 
and  peat.  The  former  has  a  very  limited  application  to  the  processes  of 
metallifi^,  but  the  latter  is  in  some  parts  of  the  world  a  fuel  of  great  impor- 
tance :  it  was  of  great  importance  in  our  own  Isles  some  centuries  back ; 
and  it  would  continue  to  be  so  now  if  a  greater  supply  of  it  were  procurable. 
A  great  disadvantage  consequent  on  the  use  of  wood  as  fuel,  is  the  obstinacy 
with  which  it  absorbs  and  retains  water.  Even  timber  which  has  been 
barked  and  felled  for  twelve  months,  will  bo  found  to  contain  on  the  average 
somewhere  about  25  per  cent,  of  water.  This  circumstance,  added  to  the 
hydrogenous  composition  of  wood,  giving  rise  to  a  flame  beyond  the  wants  of 
tlie  smelter,  has  led  to  the  abandonment  of  wood  as  furnace  fuel,  even  in  those 
parts  of  tike  world  where  wood  is  most  abundant.  It  is  now  almost  universally 
charred  by  the  metallurgist  before  being  employed  in  his  fiimace  operations. 

The  processes  by  which  wood-charcoal  is  made,  resolve  themselves  fano- 
tionally  into  two,  altiiough  the  appliances  had  recourse  to  for  this  purpose  are 
various.  Either  the  wood  is  exposed  to  smouldering  heat,  with  as  little  ex- 
posure to  air  as  may  be  consistent  with  the  support  of  slow  combustion,  and 
all  the  volatile  materials  evolved  are  lost ;  or  the  wood  is  submitted  to  a  pro- 
cess of  destructive  distillation  in  retorts,  whereby  not  only  is  charcoal  of 
better  quality  produced,  but  acetic  acid,  tar,  and  other  organic  volatile  products 
of  different  degrees  of  value,  are  set  free  and  collected.  A  third  process  of 
charcoal  manufacture  may  be  indicated :  it  is  the  process  of  M.  Violette, 
which  consists  in-  the  injection  of  high-pressure  steam  into  cylinders,  holding 
blocks  of  dried  wood ;  which  by  exposure  iu  this  manner  to  the  steam  become 
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charred.  Inasmuch,  however,  as  \hia  ptoce^H  of  cbarooal  nuumfactore  is  never 
Bidopted  for  metoUni^c  ends,  l)ut  far  the  production  of  a  superior  kiud  of 
charcoal  to  be  emploj-ed  in  the  mannfftcture  of  gunpowder^  any  farther 
deacriptioii  of  the  process  in  queatiou  is  Iicre  uaueoessaiy. 

Vaat. — The  auhstauce  ImouTt  as  peal  or  turf^  occurs  enormously  developed 
in  ynriQiLS  parts  of  the  world,  Gspecialty  m  tlie  iioiihem  hemisphere.  Iidaud 
portioEL3  of  North  Holland  and  GermEui}*  aro  conspicuous  ra  pcatrjieldiiig 
locahties.  The  exten^^iri^  domestic  applicatioas  of  pcat-fucst  hj  the  Dutch 
niii^t  hnvo  been  coni^pi'^uouf;  to  eveiy  one  who  hits  he<aii  in  Holland;  and  at 
home,  botli  Ireland  and  Scutland  arc  largely  ind^bU'd  to  peat.  Peat^  cheriii- 
cilly  cojisideted^  may  be  regarded  a«i  a  fuel  sometliing  between  wooil  &ud 
wood-cbarcoal,  diflcring  from  biitb,  however^  in  jielding  a  greater  amotmt  uf 
iislies.  This  pL'culiarity  can  eiv-^ily  be  aecountod  for :  peat  daring  its  €ii£teDC4 
Id  mussea  becomes  iutiltraUid  with  water  holding  mineral  aolts.^ — the  water  I 
evaporating,  leaves  tlie  ^lUts  behind  as  a  fixed  reiddue,  to  appear  a^  aaUoa  { 
when  the  peat  is  burned. 

Moreover,  finely  comminuted  particles  of  mould  ^ei  inJiltratGd  inio  ih«| 
interstices  of  tlie  peat,  in  tliis  way  al^o  increasing  the  amount  of  resuILuigi 
asliCH.  The  aniouut  of  aahes,  however,  yielded  by  pefit  in  difiercnt  lucolities, 
varies  within  Tilde  limits^  aome  specim^^na  yielding  not  moro  than  one-thiriJ 
part  per  cent.,  whilst  the  ashes  of  utlior  vaiietieiii  amount  to  upwards  of  901 
percent.  When  analysed,  tiioso  ftshefl  are  found  to  contain  abundance  of 
phosphates  and  BulphatcB ;  but,  what  is  extraordinary,  no  alkaliue  carbomatu^, 
as  is  tlie  case  in  the  ashes  of  all  wood. 

As  resppcts  tlit;  distribution  and  prevalence  of  peat,  it  hfts  been  calculated 
that  it  constitutes  no  less  than  one-BevenUi  of  tlie  surface  of  all  Ireland  ^  or 
two  million  eight  handrcd  thousand  statute  aeres.  The  averag<^  tliickneag  of 
the  Dutch  peat  formations  have  been  estimated  at  two  feet ;  in  Ireland,  how- 
ever, the  depth  of  peat  bog  is  usually  muuh  greater — aometiiBea  no  less  thau 
thirty  fret, 

The  vegetables  of  wbitjh  peat  is  foraied  iiiffer»  as  ^viU  have  been  antici- 
pated, for  diiferent  re^ons  and  climateB.  The  chief  vegetables  which  have 
contributed  to  tl»e  formation  of  iieat  in  the  northern  herius[>bere  are  moBseS* 
amongst  wliich  the  Sphtupuon  pnbtstre  especially  predonmiates  i  heaths,  and 
n^ies;  fuci  and  reeda,  and  one  or  moro  species  of  cottuu-^tt^'^S-  D^dea 
tiieao  there  are  frequently  discovered  in  peat  bogs  large  trees  of  vurious  kinds, 
and  occasionally  Die  remains  of  auiaials.  Tho  chi<mical  agency  of  peat  is 
initniciU  tH  organic  decay.pi-obably  on  account  of  the  tannic  acid  contained  by  it 
Thin  is  thu  explanation  of  tlie  iuichanp:ed  state  of  animal  remains  frciiueutly 
dbiCOVLTcd  iu  peat.  Amon^t  iJio  most  frequent  of  these  anin^tal  debi-is  H  a 
sort  of  flit,  to  which  the  nppcUation  "  peat-fat"  has  been  given ;  it  is  probably 
the  n^flul  t  of  soft  animal  tissues,  converted  into  the  ammoniacal  soap  known  aa 
"  adiprK'cro/'  The  deeper  layers  of  peat  boipi  arc  very  ancient ;  ni^verthele»i, 
unlike  coal,  peat  is  undergoing  fonwation  even  now.  In  the  sonthenj  hcniid- 
phcre  peat  occurs,  but  its  prosoncQ  is  demarcated  by  the  Ifttli  degree  of  lati- 
tude.    P«At  of  the  sontlicru  hemiaphcre  is  made  up  of  the  partially  decomposed 
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Babstances  of  nearly  every  yegetable  species  now  groning  in  the  localities 
where  it  is  found.  The  preparation  of  peat  for  fuel  difiers  in  different  localities 
in  these  isles,  where,  on  account  of  the  abundance  of  coal,  peat  is  of  rezy  little 
importance.  The  usual  operation  of  preparing  it  for  fuel  merely  consists  in 
cutting  it  out  of  the  ground  by  spade  labour  in  pieces  of  suitable  dimensions, 
and  drying  them  in  stacks.  In  Germany  a  similar  process  of  preparation  is 
adopted ;  but  in  Holland  the  process  is  more  elaborate ;  this  being  chieily 
necessazy  on  account  of  the  less  coherent  state  in  which  the  Dutch  peat  is 
firand.  It  is  here  infiltrated  with  water — ^more  mHd4ike  than  the  peat  of  Ire- 
land or  Germany;  it  does  not  therefore  admit  of  being  merely  Bpaded  out 
and  dried,  but  is  extracted  by  a  sort  of  cullender  or  ladle  as  a  kind  of  mud ; 
which,  being  placed  in  smtable  receptacles  of  equal  depth  throughout,  is  sub- 
mitted to  pressure  until  the  greater  amoimt  of  water  which  it  contained  is 
expelled.  One  great  disadvantage  of  peat,  considered  as  furnace  fuel,  is  its 
great  porosity ;  to  the  end  of  diminishing  which,  the  operation  has  been  pro- 
posed, and  to  some  extent  carried  into  execution,  of  submitting  it  to  hydro- 
Btatic  pressure,  and  giving  it  the  form  of  coherent  blocks.  Considered  without 
reference  to  expense,  the  treatment  succeeds ;  but  a  review  of  the  stages 
of  the  operation  involved,  demonstrates  it  to  be  costly.  Peat  charcoal  is 
still  more  difficult  to  be  managed  as  a  fuel  than  peat  itsell  "When  charred, 
peat  does  not  yield  lumps  like  wood,  but  falls  to  powder.  Lately,  peat  char- 
coal has  been  recommended  as  a  deodoriser,  and  as  a  manure ;  but  the  only 
way  hitherto  devised  of  converting  it  into  a  practicable  fiiel  consists  in  mixing 
it  with  tarry  matter  and  moulding  it  into  blocks. 

Oo«L — We  need  scarcely  enlarge  on  the  chemical  nature  of  this  important 
variety  of  fuel.  Every  person  knows  that  coal,  of  whatever  kind,  originally 
consisted  of  vegetable  growths  deposited,  in  some  manner  not  easily  under- 
stood, at  various  epochs  of  the  world's  geological  histoiy,  and  subjected  to 
the  chemical  changes,  under  various  degrees  of  pressure,  which  have  resulted 
in  ft  conversion  of  the  original  wood  into  one  or  other  of  the  varieties  of 
oool  which  are  now  found.  •  As  regards  the  methods  by  which  the  vegetable 
growths  were  first  deposited,  there  are  two  hypotiiescs,  both  perhaps 
correct,  each  applicable  to  different  carboniferous  regions.  According  to 
the  assumptions  of  one  hypothesis,  the  vegetables  out  of  which  coal  has 
been  subsequently  formed,  grew  in  the  localities  where  the  coal  is  now  found, 
and  were  submerged  by  some  geological  convulsion ;  according  to  the  other 
hypothesis,  the  vegetable  growths  were  of  the  nature  of  drifts,  having  been 
wafted  down  by  rivers,  and  deposited  in  tlieir  deltas;  subsequently  these 
deltas  in  question  having  become  dry  land,  the  vegetable  matter  was  left  in 
fhe  position  where  we  now  find  it  as  coaL  There  is  reason  to  suppose  that 
eivery  coal  formation  was  originally  basin-like ;  and  as  we  have  frequently 
seen  in  many  carboniferous  locaUties  the  basin  form  is  disturbed,  broken, 
end  intenraptod,  it  is  probable  that  these  changes  are  referable  to  geological 
distorbanoes  of  the  earUi*s  crust. 

CToel  is  found  in  three  distinct  geological  formations,  though  in  quantities 
so  unequal,  and  of  kinds  so  different  in  quality  and  importance,  that  the  dis- 
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tiuctiYe  geological  appellatioa  of  coal-measures  or  ooolformationa  as  amply 
jiisUfiiBi.  Tho  coal-meaamica  ore  found  overlaying  tlie  old  red  BondBtoue* 
iLud  preacut  Ibe  two  wcll-mnrkod  vari{!Ues  of  ontlinicitc,  wldchis  lowest doTvn, 
und  brown  coilL,  'vvliiuh  u<:ciu*h  in  la3'E!i*B  above.  AntbraciLe  i&  tho  oldest  o/  bU 
coid-fuTUiatiuns,  and  it  has  been.  &ubjt'cled  to  the  greatest  amount  of  chemical 
ugont;y^  to  wliicU  Uic*  utiturg  tjf  iU  cuiupo^ition  and  the  mode  of  its  conibustioa 
aiuply  teiiitify.  ^ViLtliriicito  partakes  much  of  tlie  nature  of  charcoal.  It  is 
ahiifKit  dtjvnjd  of  hydrogeu  or  JiydrdjLit'nous  eompunents;  for  whicli  reason  it 
yiulds  little  ilnmt*  dumg  eonibustiou,  and  in  therefore  frequently  selected  when 
llairio  and  nrnnUc  are  uiuleHirable.  T);o  foregoing  coiiBtitiite  what  are  teiiued 
Llli<j  t^tnil-formEiti^mi^,  They  aro  iticomparably  of  greater  importfin^^e  than  any 
oUicT,  both  iia  ropixds  tlio  tuiiouut  of  i^oui  yieMed  and  its  aduptubiht}'  to  thv 
wuiiU  of  mauldnd. 

Coal  of  tiie  fiocoudat^  formation  occurs  in  the  older  members  of  tlw  uow 
red  naiiddtono  neries,  CBpccially  in  the  oolitiQ  strata.  In  the  tcirtiiiry  fonaa' 
LJouH,  it  occurs  in  A-esh-water  Umestone  sti'ata,  and  a  few  otiier  members. 
Ligiiito  AEid  Bovey-coal  are  referable  to  this  last,  both  cliaracteiined  by  the 
incipient  change,  by  comparison  ^nth  other  cool,  which  the  vegetable  maUor 
yielding  it  has  undergone. 

The  uee  of  pit-eoal  (b^*  which  is  to  be  understood  coal  of  the  cftrbonifbrouB 
fleric!:!)  is  atAted  to  have  b*en  first  commenced  iq  Britain  in  Uie  ninth  centur)*. 
Id  r.^l)f},  Hciuy  peiinitted  the  inhabitants  of  Neweastlo  io  dig  for  coal,  from 
which  poriod  it  gradually,  though  very  slowly,  found  its  way  into  ordinary 
Uijie  ;  not  travelling  far,  liowGv*,*r,  from  tlie  locality  of  ita  production. 

The  emplo^^nent  of  coal  as  a  fuel  in  London,  uidy  datcH  from  about  two 
hundred  and  lifl^  years  agn.  whon,  and  for  a  long  time  aubBequent,  tivo&nmll 
sliipa  were  found  to  be  euDicient  for  supplying  mi^tropuhtaii  wants.  A  pre^ 
judice,  indeed,  long  ousted  against  tlie  emplu^rment  of  coal  in  Xtondon.  Hho 
two  BiDaU  shipdoadaoould  not,  when  distributed  through  all  Ijondon  and  bnm^, 
huve  giv4>n  ri»c  to  an  iniiulTerable  amount  of  smoke,  one  might  bo  inclined  to 
Ihiiik ;  nevertlicleas.  Lioudouers,  more  fastidioiLS  apparently  lJieu,iu  the  matt(.>r 
of  smoke,  than  now,  called  pit-coal  *'  a  nuisauce."  Sovtreigns,  oven,  toler&tcd 
it  only ;  and  tliough  Uie  use  of  t:*ial  was  ordinarily  piirmilted  in  Loudon,  yet  a 
alatuto  passed  in  the  reign  of  Edward  I.,  and  one  bubsKiquontly  in  the  reign 
of  KLizabetli,  prohibited  the  burning  of  coal  in  I^oudon  during  tixe  sittijigs  of 
I'arliameDt,  lest  British  lawmakers  should  ha  i^icommodcd  by  tho  Bmuk«, 
dicrcfroia  flJdiiing.  At  a  isubseq.ut?nt  period,  somewhere  about  the  year  Jti49, 
a  proliibition  wa:*  not  only  laid  against  tiie  use  of  coal  in  London,  but  tlic 
prohibition  included  another  nuisance  whit-h  modem  litigUsliuioa  would  be 
slow  to  admit  in  that  category',' — the  second  nuiAauco  buing  no  other  tlian 
"  hops/'  in  tliB  year  lii:;20,  Newcastle  cool  waa  firat  imported  mto  Pujis  ;  but 
the  iuhabitantfl  of  tlie  French  capital  hare  not,  eveu  now,  takiin  cordinlly  to 
tiic  use  of  coal.  Tlie  working  of  tlie  Scotch  coal-pita  was  coraraeucod  iu  XUH, 
a  ptiriod.  thorcfore,  somewhat  lattT  than  the  lirat  discovery  of  Engli^  coal. 
In  Belgium,  coal  waa  not  extracted  until  about  tlie  year  11U8  or  1230,— the 
plm-p  of  extraction  being  Liege. 
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The  coala  annaaUy  raised  in  Great  Britain  have  been  estimated  at  not  less 
than  85,000,000  of  tons,  of  which  not  more  than  3,000,000  are  exported, — 
leaving  for  home  consnmption  33,000,000  tons  of  various  kinds.  Nearly 
3,AOO,000  tons  of  this  quantity  are  annually  consumed  in  London  !  Of  iron 
we  raised  in  1750  only  30,000  tons ;  by  1850  the  quantity  had  increased  to 
2.250,000  tons.  According  to  the  official  retains  of  1841).  the  export  of  iron 
of  all  kinds  was  valued  at  £4,500,000. 

Aitlflolal  Fn«l. — The  term  artificial  fuel  has  been  appUcd  to  signify 
various  combinations  of  combustible  matters,  eitlicr  of  which  alone  would 
present  mechanical  or  chemical  conditions  unfavourable  to  combustion  for 
practical  appliances.  The  first  attempt  at  the  manufacture  of  tliis  kind  of 
ftiel  appears  to  have  been  undertaken  in  Norway,  where  tlie  sawing  of  largo 
quantities  of  timber  gives  rise  to  a  quantity  of  sawdust,  not  adapted  to  the 
puri>oses  of  fiiel  in  its  original  state,  but  which,  nevertheless,  contains  similar 
elements  of  combnstion  with  wood  itself.  Acconlingly.  the  sawdust  wa.s 
minted  with  tar ;  and  being  pressed  into  blocks,  these  were  applied  to  fomacc 
operations. 

We  in  these  isles  have  not  a  sufficient  accumulation  of  sawdtist  to  render 
its  employment  as  fuel  a  desideratum ;  a  remark  which  equally  applies  to 
Germany.  Both  ourselves  and  tlie  Germans,  however,  have  enormous  maga- 
zines of  turf,  and  wastefid  debris  of  small  coal,  both  of  wliicli  it  would  bo 
desirable  to  convert  into  the  mechanical  shape  and  condition  subservient  to 
good  combustion.  Accordingly,  numerous  kinds  of  artificial  fuel,  consisting 
of  burning  turf,  turf-charcool.  and  small  coal,  have  been  prepared,  witJi 
various  degrees  of  success.  Swazil,  an  Austrian,  combines  porous  turf  witli 
organic  matter,  induces  a  i>eculiar  state  of  decomposition  between  the  two, 
and  generates,  it  has  been  said,  an  efl'ective  artificial  fuel.  Hill,  a  British 
chemical  manufacturer,  first  submits  turf  to  destructive  distillation,  thus  libc 
rating  tany  products,  which  he  subsequently  incorporates  witli  tlie  (;harcoftl 
left  behind,  and,  by  pressing  the  compound  result  into  blocks,  in  tliis.  manner 
prepares  his  fuel.  Another  inventor,  a  foreigner,  mixes  small  coal  with  fat. 
And  presses  the  residt  of  the  mixture  into  blocks.  WarHch  mixes  small  con  I 
with  alnmor  salt,  forms  tlie  mass  into  blocks,  and  exposes  them  to  destructive 
distillation  in  a  retort.  Bessemer 's  process  of  artificial  fuel  manufacture  is 
based  upon  the  drcumstance  that  small  coal,  when  heated  to  about  500"  or 
000*.  becomes  pasty,  and  agglomerates.  Such  are  the  chief  varieties  of  arti- 
ficial fuel — neither  of  which  is  so  much  a  desideratum  with  smelters,  as  appli- 
cable to  the  purposes  of  steam-ships ;  while  condensation  of  combustible 
matt^  and  the  facility  of  stowage,  dependent  on  regularity  of  form  in  the 
masses,  are  matters  of  especial  consequence. 

OoaipftntlT*  Talus  of  Fn«l. — Pyrometrically  deduced,  this  is  a  most 
important  subject  of  inquiry  to  the  metallurgist,  and  it  is  one  beset  vnih  many 
difficulties.  We  shall  indicate  the  principal  methods  of  calorific  estimation 
which  have  been  devised,  repeating,  however,  the  observation  already  made, 
that  for  practical  op«rati*n8  the  m^hanical  structure  of  a  fuel  is  a  consider- 
ation of  almost  equal  importance  with  its  chemical  nature. 
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Itmsmuch  as  there  is  no  absolute  or  naturally  exiatLnp  want  of  heat,  tbo 
pluloflopbeT,  in  prosecuting  Ids  reaearcheB  in  tins  fi*ld,is  limited  to  the  consi- 
Joratiou  of  the  amount  of  heat  by  wliicli  a  girea  quantity  of  oao  coQibustible 
t-KMeda  tliti  amount  yielded  hy  tlie  same  quantity  of  auotlier.  lo  making 
I'lis  comparisoiit  we  may  compHre  equal  weights,  or  equal  raeasnres;  if  the 
ftnuer,  we  arrive  at  t!ie  absolutti — if  the  latter,  we  deduco  the  relative  efiecto 
of  heat  Firstly,  we  kIuilII  review  the  principal  methods  which  have  heeit 
deiised  for  atiqniring  a  kiiowl«dge  of  the  Hbsolute  eifect^*  of  heat  Ajad  first, 
by  the  method  proposed  by  Kuiiiford — prcmi^in^  that,  m  expressing  oalorifio 
t^Ifects  in  tliermometric  degreos^  tlic  Contigrodc  Boale  will  be  Adopted,  aa 
nlfurding  greater  fiu!ilities  of  calcnhLtioii  than  tliG  scale  of  Fakreuheii. 

Rttmfurd'B  method  of  estimating  the  absolute  E*Sects  of  heat  developed  by 
a  fuel  consists  in  dtitenniniug  the  q^iiantity  of  such  fuel  necessary  for  heating 
a  given  weij^rht  of  water  from  0"  to  lOU'C.  Aceording  to  this  mode  of  investi- 
pitton,  it  H  found  that,  re9i>ectively,  e<|nal  woaghta  of  hydrogen,  pure  carbon, 
uad  wood<harcoal  heat  water  from  O"  C.  to  100"  C.  in  the  foliowing  ratio ; — 

PAnrS  BV  WEtOKT, 

1     ,     .     .     Hydrogen— heat     .     2M  ports  of] 

1     .     .     .    Carbon  „  7H       »» 

,  (Wood      1  _  1 

*    •    ■    ■  iCharconlf      "       '       '^       "      ^ 

Rejecting  now  that  the  number  of  degrees  in  the  Centi^ade  Bcale between 
n*  C.  and  tlic  boiling  point  of  wat<?r  ia  100*  it  fullowa  that  the  respective  figures 
i»r  abeoluto  heatin;4  power  fur  each  degi'ee,  and  fur  each  of  tlie  bodies  respec- 
tively above  meiilioned,  mmy  he  deduced  by  miiltipl^ing:  thi?  parts  by  weight 
vt  wat^r  hca£*d  from  a*C.  to  lOO'O.  by  lOO  :  whence  it  follows  that 


wnterfroin  O^C.to  100*  C- 


water  from  0*C.  to  100^  C, 
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1     ,     Hydro;?«ti— heat      .     .     '2'M\m  parta  ofl 

I     ,      Carbon  „      .     .       :  HOO        „       ' 

1     ,     Wood  charcoal  „      .     .       7500       „      J 
Thus  we  deduce  what  may  be  termed  the  respective  imities  of  heatii)^  effect 
liir  hydrogen,  carbtm  (pure\  itnd  wood  charcoal.      Purthennore.  the  above 
rL'lationa  admit  of  eirapUfi cation*     Natiu'al  unit  of  absolute  heat,  we  have 
nlready  tuentioned,  there  is  none.    Tt  \nll  be  desirHble,  therefore,  to  fts«aQ)« 
11  conventional  or  (.•mpiricid  standard ;  and  carljou  boiug,  7>«/-  exei*UtHee»  th* 
fiiinbns tibia  involved  iu  technical  operations  baaed  upon  combustion,  the 
siibatauce  inay  he  tnlccn  as  tlie  conventional  unit.    l)i\itling,  tlierefore,  the 
first  and  tho  last  of  the  nurabem  given  iu  the  preceding  series,  by  the  middlifl 
jiLimber,  i.e.  7800,  as  that  indintting  tlie  unit  of  absolute  heating  effect  foff 
piirhon,  we  tlieu  malce  carbon  the  piime  standard  or  unity.  repreQeutiiig  ila 
n'jsolute  heating  effect  by  1,  and  the  respective  absolute  heating  efii&cte  of  JlJ* 
di"ogen  and  wood-charcoal  as  reprct^ented  by  the  foUo^ving  series  t— 
Ctirhon         ,         .         ,     ^;  1 
Hydrogen    .  .     =:  S.03 

IVood-chiii'coal    ,         ,     ^r  OMt\ 
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From  this  statement  the  deduction  is  arrived  at,  that  the  more  hydrogenoos 
a  fiiel  is,  the  greater  the  absolute  heating  effects  resulting  from  its  com- 
bustion. 

Next,  we  shall  conuder  the  process  devised  by  Karmarsch  for  obtaining 
Bimilar  information.  Instead  of  measuring  the  absolute  heating  power  of  a 
combustible  by  ascertaining  the  weight  of  water  it  was  capable  of  heating 
from  0*  C.  to  100*,  Karmarsch  ascertained  the  weight  of  water  which  a  given 
weight  of  fuel  during  combustion  could  raise  in  steam.  This  was  the  process 
followed  by  Brix,  in  determining  the  relative  value  of  Prussian  fuels.  It  is, 
perhaps,  unnecessary  to  iudicate,  that,  to  arrive  at  the  greatest  correctness  of 
which  the  process  is  susceptible,  the  water  used  in  the  series  of  comparative 
experiments  must  be  taken  at  the  same  temperature.  Biix,  in  conducting 
his  investigations,  used  water  of  0°  G.  or  32°  F. :  his  scientific  expressions  were, 
moreover,  couveyed  in  terms  of  the  Beaumur  thermometric  scale. 

Berthier's  method  is  more  complex.  It  is  based  upon  atomic,  or  (to  avoid 
the  language  of  theory)  equivalent  proportional  considerations,  which  the 
following  remarks  will,  it  is  presumed,  make  evident.  Inasmuch  as  the 
oquivalent  weights  of  hydrogen,  carbon,  and  oxygen,  are  respectively  1,6,  and 
B,  and  the  respective  compositions  of  water  and  carbonic  acid  are 

Water  (parts  by  weight  or  equiv.) 

Carbonic  add  (  „  „  ) 

it  appears  that  two  parts  by  weight  of  hydrogen,  in  generating  water  by  com- 
boBtion  with  oxygen,  consume  sixteen  parts  of  the  latter ;  whereas  the  same 
quantity  of  oxygen  (».«.  sixteen  parts  by  weight)  is  only  consumed  by  six 
parts  of  carbon,  in  becoming  carbonic  acid.  Hence  the  deduction  follows,  that 
a  given  weight  of  hydrogen  in  foiming  water  by  combustion,  unites  with  three 
times  as  much  oxygen  as  an  equal  weight  of  carbon  during  the  combustion  of 
the  latter,  and  the  formation  of  carbonic  acid.  Now,  the  fiust  has  already 
been  proved  as  a  result  of  Rumford's  mode  of  experimenting,  that  the  relative 
amount  of  absolute  heat  developed,  as  bet^-een  hydrogen  and  carbon,  is  as 
S  to  1;  wheuoe  it  clearly  follows,  that  the  absolute  heating  effects  of  carbon 
and  hydrogen  are  in  direct  proportion  to  their  combustive  capacity  of  absorb- 
ing oxygen :  a  deduction,  indeed,  first  promulgated  by  Welter,  and  which — 
though  since  his  time  it  has  imdergono  modifications — ^is  still  reliable. 
Berthier  expressed  the  absolute  heating  effects  of  any  given  combustible,  in 
twns  of  the  weight  of  oxygen  consumed,  by  a  given  weight  of  the  combustible 
during  the  progreas  of  its  combustion.  This  was  practically  effected  by  heat- 
ing the  combustible  in  contact  with  oxide  of  lead.  It  follows  that,  iu  pro- 
portiosi  to  the  quantity  of  oxygen  taken  away,  so  would  be  the  weight  of  lead 
reduced  to  the  mi*tfllli?  condition ;  and  this  latter  being  collected  and  weighed, 
the  absolute  heating  effects  of  the  combustible  were  expressed  fractionally  by 
the  weight  of  oxygen  consumed,  but  directly  in  terms  of  the  lead  reduced. 
In  this  wagr  he  found  that, 


Oxy. 

Hyd. 

Oxy. 

Hyd. 

8 
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Oxy. 

Car. 

Oxy 

Car. 

16 

6 
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1  part  of  pure  carbcrti  giive      .     ,     34  parts  of  le»d, 
1  part  of  pure  hydrogen  guvo      .  104    ..      ,,     „ 
If  it  lie  now  fi.^Bumed  UnJit  fuiy  particular  PomburiUbltj  imder  cxaimnn^i 
sUonld  be  m  notation  to  u  mo^s  of  knd,  the  weight  of  which  is  tn,  llieti 
ratio  between  the  absolute  hofttiiig  effect  ofllie  cambugitible  in  qucstiou.  as  cotn- 

pajed  TvitJi  tliat  of  pare  carbon,  will  he  expressed  by  tli&  fraction  =^   - ,  aod 

M 

the  Btatement  for  this  absolute  heating  effect  expre^ed  in  uuilB  of  beat  unll  ho 
=  78.100  .^  =  230.m 

Though  Bot[iG^\'Imt  roroplex  in  theory,  tlie  process  jnat  descrihed  is  cfm- 
ducted  withfacilitj-*  The  results  are  tolerably  relUible ;  but  tliey  involre  a 
constant  error  of  al>ont  ith.  Forchammer  has  Bomewhat  improved  this  pro- 
cess, but  the  results  Btill  involve  a  constant  error. 

The  chemical  reader  will  perceive  that  the  process  of  Bertliier  just 
described  ia  very  nearly  allied  to  the  ordinary  cutnbuslive  operatious  fiiUow-ed 
in  or(Taiiic  analvKw.  If,  inatcftd  of  oxide  of  leiul,  oxide  of  copper  be  employed, 
we  have  at  ouee  the  preliminaiy  conditions  of  ultiiaate  orgnmo  anftl\'ai3. 
Accordingly.  Uiis  means  of  estimating  the  absolute  heating  effect  of  foci  has 
boea  freriacntly  adopted^ — the  oxygen  appropriated  by  combustion  bein^  cnl- 
culated  iri  the  usual  manner  from  the  amount  of  carbomc  acid  and  \vnt«r 
respectively  developed,  and  the  finitl  reduction  ittto  terms  of  absolute  beiil 
heiug  deduced  (torn  the  appUcation  of^  Weltcr'y  laws,  explained  in  page  47. 

Beside?!  tJie  raetliodis  already  indicitted,  mar  be  noticed  the  process  dee- 
ciib^d  by  Sheerer  in  liia  Metnllurtjir^  vol.  i>  p.  13y,fotuided  on  con^eratian al 
tlic  chemiciil  composition  nf  the  fnel.  In  addition  to  which, processes  have  besn 
devised  wilh  l]ie  some  object  in  view,  by  Laplace,  LLivoi-sier,  Palton,  Mni'ciu 
Built  ftnd  others. 

Specific  Heattng  Effects  of  Fuel* — ^Vo  have  ah-ondy  explained  that  if 
fuels  be  cumpared  as  ri?rjards  t|»e  rcBpoetive  thermic  effects  of  their  conibus 
tiun>  weiglit  for  \vei;*bt,  the  resipective  abrtoliite  heating  effects  of  etwh  will  Iw 
deduced  ;  whereasi  if  tliey  be  compart- J.  bulk  for  bulk,  tlien  tvb  arrive  at  th4 
Bpcciiic  hcatiu;j  effects  of  each.  We  arrive,  therefore,  at  the  following  deduc- 
tion I — Kmiwin^  the  abaohite  heating  effect  of  any  combustible,  wo  arrive  at 
tlje  kunwledge  nf  its  spiMriiic  heating  effect  by  mnitiplying  the  nimicric«l  ex- 
ponent of  tJie  former  by  the  number  oxpreasiug  tlie  specitic  gravity  of  tiw 
conihnstibl*?. 

Btich,  then,  are  the  indicatioiia  of  theory  and  the  resnltd  of  laboratory 
operations  tlicrcypou  founded.  The  pmpticiil  smelter  need  not  be  told  th&t 
not  oven  a  near  approach  t->  the  figures  arrived  at  is  possible  on  the  lar>^ 
Bcalc.  Such  ocordiinee  betwt^Mi  thiniry  and  practice  could  only  result  if  tli4 
tolAl  amount  of  heat  ^cnoniti^^J  by  the  combuHtion  of  a  fuel  vrere  concentrali<d 
on  the  ore  submiltrid  to  ita  agency.  This  is  an  impossible  condition;  cviin 
more  heat  invariably  escapes  from  furnaces  in  the  stnte  of  combustiblB  jjaa 
and  fts  radiant  heat,  than  the  actual  amount  of  heat  made  effecti^*e.  Much 
may  be  accomphshcd  in  lessemng  the  divergency  between  theory  and  priic* 
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ti*«  by  drjing  the  fiiol,  as  much  as  circumstaacos  will  permit;  by  regulating 
Iha  amauiit  c^f  air-draught,  appUTii^^  the  hot  goseoua  pmtlucts  of  fumiiceconi- 
l»QBtii3u  to  eubnidlary  purposes,  mad  takiiig  adTonta^  of  oilier  conditions 
which,  though  ihey  Tory  ia  difT^rent  efftablishm«iits  fuid  for  different  metttl- 
lurgio  operations,  depend  on  a  few  uu^nr^'iiig  Bcientifio  principles,  and  will 
teadily  stiggest  themselves  to  an  iQteUigent  observer, 

FjTometxlc  EffeoU  of  Biffeniki  Fttcla. — Tke  amount  of  heat  evolved 
by  M»y  g>ven  fueU  whctlier  in  rolation  to  its  weight  or  its  btdk^  differs  widely 
firoio  tUo  degree  of  heat  capable  of  boiug  yielded  by  it  in  miy  one  lociUity, 
Vftrying  tho  oonditionfl  involved  o,  little  (though  not  fmidcLmentiUly)  by 
assitming  n  parallol  cose,  evidently  a  quart  of  boiling  water  conUius  tn-ice 
the  amooot  of  heat  whieU  a  piiit  of  boiling  water,  though  the  coatents  of 
eoeh  wOl  oanae  the  thermometric  column  to  stand  at  SIS"  F.  Now  21;:^'  F.  b. 
therefore,  said  to  be  the  thermometric  heat  of  boiling  water;  cmd  if  a  ther- 
mjormetcr  could  be  procured  capable  of  indicating  fomacG  heats^  wo  sboold 
arrive  at  deductions  parellel  witli  thsit  rihtAined  from  the  conaiderntion  of 
bailing  water.  For  the  estimatioa  of  c^mbusUve  heat,  however,  spodsl  me- 
thods most  be  bad  recourae  to ;  inajmnnoh  bs  thermometera  are  not  competent 
to  indicate  tempentture  of  such  high  degree.  The  deductions  are  arrived  at, 
aither  directly  by  the  aid  of  ia&tmmenta  (pyrometenj,  or  indiracdy  by  calcu- 
Ufioti. 

It  m  evident  that  the  principle  of  oxponsioo  of  liquids  in  tubes  i^  imadapted 
to  pyromebrio  conatructton,  inasmuch  a.?  lh(3  utmost  limit  of  the  indication 
of  audi  instmment^  can  only  fall  somewhero  witliin  the  boUing  point  of  the 
liquid  emplo}^.  Goseoas  and  Bohd  bodice  Eire,  therefore,  alone  adapted  to 
the  construfltioa  of  pyrometers, 

Pyrametric  cstuaationa  admit  of  division  into  three  general  olaases :  (A) 
those  the  indicadoos  of  which  are  based  upon  the  expnmdon  of  oome  particular 
body  (pyrometer] ;  (B)  those  which  nre  founded  on  a  coneidemtLou  of  tha 
beat  imported  to  water  by  a  heatetl  body ;  and  (C)  those  the  resulta  of  which 
axe  deduced  from  conBideratlon^  of  the  melting  points  of  metala  and  metallio 
Alloyfl. 

(A.)  Pytometen.—In  the  year  1783,  Wedgwood  invented  the  pyrometer 
which  hab  ain*;e  bofno  hi*  name.  Its  agency  depends  on  tlia  contraction 
of  day  experienced  when  exposed  to  high  temperatures.  A  cylinder  of  ckiy  of 
Bome  definite  size  when  cold„  wliich  shrinks  before  heatang  to  a  known  extent 
betiVGcn  two  convefgmg  aides  of  a  wedge-shaped  cavity,  sinks  hiwer  down  in 
ib/6  same  cavity  after  having  been  hcfited ;  and  Wedgwood  assumed  that  the 
MftOtint  of  contraction  of  the  clay  would  be  alwaya  proportionate  to  the  degree 
of  hfiai  to  which  it  might  have  been  exposed.  Tliia.  however,  iB  a  false 
ftOnuaption :  a  long-continncd  and  moderated  hcnt  k  found,  in  practice,  to  cause 
■11  fiqnjd  Amoimt  of  centraction,  or  Ahrinking,  with  n  more  iniolent  degree  of 
heat  dimng  a  shorter  period ;  hence  it  fella  wb  that  the  mdications  of  thia  in- 
Stafvment  ore  all  but  worthlesa. 

Danielle  Ouyton  Morveau,  Noumonn,  Peterson,  and  Gibbon,  and  some 
othAra,  bAve  devised  each  respectively  a  pyrometer,  the  general  pnnciples 
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of  wiucli  are  oJike,  bdiig  dept'udeui  on  the  expansion  of  a  pintmum  b&r. 
DaaioU'a  in&tniment  is  tlie  most  perfect  of  these,  and  its  indiciQUoiiS  most 
to  be  relied  upou :  liowcver*  its  use  is  attended  with  inconvenience,  and 
it  has  no  pretensions  to  the  accuiftcy  of  a  Uiermometer,  In  the  construction 
of  ^is  instruiToent  th<!  RceJe-point  is  reljiined  separate  from  the  espansive  plir 
linum  bar,  which  latter  is  alone  exposed  to  heat.  It  is  a.  veiy  inconvenieitt 
ctrctim»tancc  attending  tho  en:plo3'njent  of  thig  iiistiumcnt  that  no  indications 
of  lernperature  can  be  gaJuied  by  it  wliilst  it  remains  in  tlic  fumace.  The  fire 
must  he  first  extln^iishcd,  and  tlie  platinuui  bar  i^itlidiawn.  Moreover,  the 
arrangement  by  which  the  expanaion  of  tlio  bar  is  worked  upon  in  the  fnr- 
oace  is  Bomcwhat  impcrfectt  and  bigots  error» 

The  air  pjTometer  was  first  devised  by  Schmidt,  in  1804,  and  snbsfr- 
quentlj  perfected  by  Petersen  and  Pouillet.  It  is  only  a  modification  of  the 
foUo^ing  lecture  demonstration  of  the  expansibility  of  air  and  other  gasea  by 
bent^ 

L&t  a  glass  tube  be  closed  at  one  end^  and  blown  Into  a  bulb,  the  other 
end  remaming  open.  Let  now  the  trhoU  of  tlie  tube  nnd  a  portion  of  the 
bolb  be  charged  with  fluid  (water  or  mercury).  Tliis  being  done,  let  the 
orifice  of  the  tube  be  immersed  in  a  vessel  of  water.  Assuming  that  thene 
instructions  hare  been  strictly  followed,  the  level  of  the  fluid  in  the  tube 
will  continue  to  sink  until  all  tlie  Huid  has  at  length  been  driven  out  of  the 
tiibe,  if  the  LiUbular  portion  of  the  apparatus  be  heated.  This  result  obviously 
depends  on  the  expansion  of  the  air  contained  \nthin  the  bulb ;  and  by  noting 
the  amount  of  expansion,  as  expressed  by  tlie  descent  of  tJie  iluid  level,  we 
arrive  at  tliennoscopic  indications.  The  material  glass  is  obvionsly  unadnpted 
fur  re^sting  high  degrees  of  lie^t;  but  if  the  bnlbular.  and  a  portion  of  the 
tubular  part  of  tlic  apparatus  be  made  of  platinum,  tliere  sJiould  result  a 
modified  instrument^  cnpable  of  measuring  any  tfjnperatare  which  tU« 
metal  pktinum  is  able  to  resist  witliout  fusion.  The  common  air  ther- 
mometer thus  modified  becomes  the  pyrometer  of  Sclimidt,  Petersen,  and 
PouUlet. 

The  final  indicationE  of  this  kind  of  pyrometer  will  of  course  be  lurived  at 
by  considering  the  laws  of  gaseous  expansion  and  tlie  agency  of  heaL  Ac- 
cording to  tlie  researches  of  M.  Regnault,  the  amount  of  exptm^ion  uf  aimo- 
spheric  air  heated  fiom  32*  F.  to  did'  F.  ia  'aooa  or  *3f>7Li  on  its  orij^uid 


bulk  at  3d=  F.,  being  Hths  for  each  degree  of  the  Centigrade  scale,  or 
for  a  degree  of  Fahrenheit. 
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(B,)  Pyromettrv  founded  on  contid^ntions  of  the  Htat  imparted  w  W<Ufr 
hfj  a  heaUd  body, 

Tliia  principle  of  pyrometric  measurement  wag  first  adopted  by  Clement. 
Desonn^i  aud  Schwart;e.  It  La^  been  subsequently  improved  upon  Vy 
"Wilflon. 


HEATINO   EFFECTS   DEDUCED.  01 

The  method  of  Schwartz  is  based  upon  a  cousideration  of  the  formula : 

Q.f 

n  which  x  being  the  temperature  songht,  Q  is  the  weight  of  water,  the  tem- 
MTatnre  of  which  is  C  previous  to  the  immersion  of  a  heated  body,  P  the 
vei^t  of  metal,  s  its  specific  heat,  and  t  the  temperature  of  water  after  the 
mmersion  of  the  heated  body.  Such  is  the  principle  on  which  the  heat  esti- 
nation  by  the  foregoing  process  is  deduced.  To  e;cpatiate  on  it  further  would 
jead  OS  too  far  from  the  immediate  objects  of  this  introduction. 

XMit  EfF«ots  Bednced  withont  Xnatxumttnts. — This  method  has  been 
daborately  explained  by  Scheerer  in  his  treatise  on  Metallurgy.  Brendel, 
Eteich,  Winkler,  and  Merbach  have  also  examined  its  conditions  during 
nvestigations  in  which  they  were  concerned,  to  determine  the  heating  power 
>f  fuel,  with  especial  reference  to  the  economic  application  of  heated  air  and 
tteam. 

The  process  admits  of  being  generally  stated  as  consisting  in  the  applica- 
ion  of  formuliB  representing  the  absolute  heating  effects,  the  relative  weight, 
tnd  speciiic  heat  of  the  products  of  combustion  evolved  from  the  fuel  under 
ixamination.  The  following  case  will  serve  as  an  example  of  the  nature  of 
he  process,  and  its  application  to  the  combustibles  carbon,  hydrogen,  and 
larburetted  hydrogen.  Equal  weights  of  the  three  respectively  are  of  course 
narked. 

Centigrade. 
Carbon  burned  in  oxygen  to  form  carbonic  acid,  yields  heat  =  0873^ 
Do.       burned  in  air  „  „  „  ^  2108 

Carbon  burned  in  air,  and  forming  carbonic  acid      „  :=  1310 

Carbonic  oxide  gas  burned  in  air  „  s=  2121 

]>o.  do.  burned  in  oxygen  „  =  &316 

Li^t  carburetted  hydrogen  burned  in  air  „  ^  2290 

Do.  do.  burned  in  oxygen  „  =  6308 

Olefiant  gas  burned  in  aur  »  =  1935 

Do,  burned  in  oxygen  „  =  4706 

Hydrogen  burned  in  air  >*  ^  2060 

Do.  burned  in  oxygen  ,t  =  4073 

From  a  consideration  of  which  nimierical  exponents  it  is  evident  that  the 
imbostibles  under  consideration  evolve,  during  combustion,  an  amount  of 
TTometric  heat,  or  fiimace-hcating  power,  in  direct  proportion  to  the  carbon 
liich  they  contain ;  whilst  the  total  or  absolute  heating  effects  are  propor- 
onate  directly  to  the  quantity  of  hydrogen :  tiie  latter  condition  is  referable 
» the  circumstance,  that  the  water  resulting  from  hydrogenous  combustion 
bsorbs,  and  renders  latent,  nearly  four  times  as  much  heat  as  the  carbonic 
sid  resulting  from  the  burning  of  carbonaceous  materials. 

Tabulating  the  results  of  Schcerer's  experiments,  we  arrive  at  the  follow- 
ig  expositions  by  weij^ht  and  1)y  measure : — 
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I.— By  Weight 

Partflby 
"Weight 
of  Oxygen 
Carbon 2-67    N 


One  part  bv  'Weight  of  each 

of  the  following  requires 

for  Combustion. 


Carbonic 
oxide. 


Carbonio 


Carbon 1*33 

Carbonic  oxide      ....  0-67 

light  carburetted  hydrogen  3*48 

defiant  gas 400 

Hydrogen     ...,-.  8*30 


2-38 


8-67 

157 
3-14 
2-76 


Water. 


1*22 
2*26 
0-00 


One  part  by  Measoro  (Tolumo)  of 
eaui  of  the  fulloving  requires 
for  Combustion. 

Carbonic  oxide 

Hydrogen 

light  carbnretted  hydrogen    . 
defiant  gas 


n. — ^By  Measure. 

Parts  by 

Measure 

of  Oxygen 

0-5 
0-6 
2 
3 


Carbonic  add.       Water. 


3  >« 
II 


Such,  then,  is  the  exposition  of  Scheerer's  ingenious  process.  The  theoiy 
on  which  it  is  based  is  unimpeachable ;  and  though  its  results  are  those  of 
maximum  effects,  practice,  neverthelesSi  can  closely  approach  them  under 
favourable  circimistances. 

(C.)  Pffrontetrie  ettimations  deduced  frotn  a  eontiileraiion  of  the  MMmg 
Point  ofMetaU  and  Metaliic  AUoyg, 

The  first  proposition  to  estimate  the  degree  of  furnace  heat  by  this  means 
originated  ivith  James  Pxinsep  in  1827;  more  recently  it  has  been  carried 
into  execution  by  Plattner.  The  following  considerations  will,  it  is  presumed, 
render  evident  the  nature  of  the  process.  By  taking  the  mean  of  various 
obseirations,  the  melting  point  of  different  metab  has  been  determined  with 
tolerable  accuracy ;  and  the  determinations  have  been  tabulated.  Now,  it  is 
possible  by  effecting  various  combinations  of  metals  with  each  other  (alloys), 
to  generate  compounds  corresponding  to  each  degree  of  furnace  heat  eompre- 
hended  within  wide  limits.  If,  therefore,  specimens  of  various  alloys,  the 
melting  point  of  each  determined, — ^be  deposited  in  a  fiimace  on  an  infc«KlM 
tile,  the  amount  of  furnace  heat  may  be  determined  by  examining  the  tite, 
and  ascertaining  which  alloy,  highest  in  the  scale  of  ftisibility,  has  under 
gone  fusion.  Such  is  tlio  theory  of  the  process, — it  only  remains,  therefcn, 
to  explain  in  what  manner  the  composition  of  an  alloy  for  any  cMiel 
amount  of  heat  may  be  made.  The  annexed  formula  conreys  the  ttn^vinl 
infonnation ; — 

ar  =  A*  +  B/ 

whence  x  represents  the  temperature  of  fusion  of  the  alloy  to  be  cempoanM ; 
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ereiy  put  by  weight  of  which  most  contain  A  parts  of  some  metal  fusible  at 
$  degrees,  and  B  parts  of  another  metal  fusible  at  s  degrees  of  heat. 

"^^olette  adopted  a  modification  of  the  foregoing  process  in  conducting  his 
inquiries  relative  to  the  charring  of  wood  at  various  temperatures.  In  iese 
experiments  he  determined  the  various  temperatures  up  to  600"  F.  by  a 
mercurial  thermometer ;  above  that  point  he  used  slips  of  different  metals, 
antimony,  copper,  silver,  steel,  iron  and  platinum,  the  last  of  which  he  suc- 
ceeded inmelting  in  a  furnace,  the  combustive  force  of  which  had  been  raised 
by  great  care  to  a  higher  grade  than  can  ever  be  expected  to  occur  in  the 
general  way.  In  connection  with  this  subject,  we  insert  a  table  of  the  fusi- 
bility of  metals. 

rUSIBILITT  OF  METALS. 


Bismuth 

Tm,    , 

L»d    . 

Zinc 

Aatiraoflf 

Braan     « 

Si  Ivor  . 

Copper . 

Goia     . 

C.ibfllt  . 

WLiiu  Cut  Iron 

Otuy        da. 

Steel     .     ,     .     . 

UuinncH     .    . 

BuruDQ    .     .     . 

]f  iekel,  Flattoufflf  \ 

iTidiiUB,  Rhodiuin  / 


[**  Ann.  Chim.," 


C*aL    Wcilffw. 


£S25 
6316 

above 


'247- 

267 

ZU 

374 

3 

A13 

r 

1034 

22 

1207 

27 

13SI 

33 

4783 

m 

lao 

175 
175 


WiMlRiraod  6t 
DaltDn  "N. 


Cent,  WtAgrg. 


247 
246 
32-2 
371 
432 


28 
27 


IGO 


DuUelt 


Cent.  Pan 


23& 
227 

342 

1021 

1223 
1398 
1421 


1915 


G3 
87 
9i 

287 
319 
3G+ 
370 


497 


SchvartSn 


Cent. 


260 
220 
3iQ 
600 
&'2Q 
Pouillct 
lOOO 

1200 

1100 
1210 
1360 

IS60 


Rudberg. 


Cent. 


2a4 

22  S 
325 


Trinup 
999 


, — ^The  chemist  and  electrician  are  well  aware  of 
the  Met,  that  electricity  can  be  set  in  motion  by  heat ;  and  that  the  amount 
of  alentricity  developed,  as  estimated  by  the  galvanometer,  is  proportionate  to 
the  amoirnt  of  heat  applied.  Founded  on  an  appreciation  of  this  principle, 
has  been  devised  by  NoboH  the  moat  delicate  of  all  existing  measurers  of 
temperatuzes  within  the  range  of  tUermometric  degrees.  Steinhil  and  Pouillet 
liftve  taken  advantage  of  the  principle  of  this  instrument  to  determine  elevated 
tenoee  heat,  but  with  indifferent  success. 

Perhaps,  under  the  general  denomination  of  "  pyrometers,"  may  here 
wiUi  propriety  be  included  certain  instruments,  which  have  been  brought 
into  requisition  for  estimating  the  degree  of  heat  and  hot  blasts.  Occa- 
sionally, highly-graduated  mercurial  thermometers  have  been  employed  to 
this  end ;  but  more  frequently  instruments  constructed  on  the  principle  of 
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the  thermometer  qf  areguet,  the  descrii^tion  of  which  we  tliei-efure  append. 
Bregiiet'fi  metallic  thermometer  is  based  upon  ft  common  clEussi-oom  experi- 
ment of  tliG  folloT^-iiig  kind : — If  two  thin  strips  or  barti  be  taken  of  different 
metflJa,  tli*  escpanaion  of  whidi  ia  uneqiiftl.  as.  for  example,  a  slip  of  iron  and 
a  slip  of  brasfl,  eaoh  about  tSith  of  an  inch  thick,  2  inches  wide^  ajid  IS  mches 
long ;  and  if  tltese  two  Blips  ha  firmly  riretted  together,  b.  comp^aond  *Hp 

refiulta,  as  represented  in  Fig.    ^ . . 

13.     Vn\en  Q  tdip  of  this  kind  ^  '^ 

Ia  subjected  to  ordinary  atmo-  F*g- 1^- 

spheiic  tempenitiires,  it  remains  straight;  hut  if  it  be  heated,  tJie  different 

pxpanaivcnesH  of  iron  and  brnss  canties  it  to  bend  into  □.  carve,  as  fihg-wu.  in 

Fig.  13,  t!ie  convex  eide  of  tlie  com* 

pound  shp   bein^;,  in  nil  cnses,  that 

where  is  sittuited  the  metal  nf  higliCHt  ^^^  '^^^^  A 

expauaiveness  (in  tliia  caso  brass  I- 

The  principle  on  which  Bregnet  s 
thermometer  ia  founded  ivill  now  be 
readily  nppareut.  It  consists  of  a  slip 
of  silver  and  one  of  plutimim  united  Fip.  18, 

face  to  face  witli  soldtr,  and  coiled  into  a  vertit-al  Fpiriil,  the  lower  end  of 
which  is  fixed*  wliilst  to  the  upper  end  is  attacJied  an  index  ar  needle, 
moving  over  a  grjjduated  plnte.  It  is  evident  that  hefitttill  c&nse  this  helix 
to  expand,  and  tlie  needle  to  cliHuge  proportionately  to  the  expaBdon. 
M.  Br^ict  determined,  by  experiment,  thsL  Ihe  several  j\monnts  of  this 
expansion  for  each  part  of  the  scEile  are  conipainble  umaiifrst  tliemeeivea,  and 
tlinthis  icstntuicnti;,  wtliin  llie  limiU  between 
the  freezing  and  tlie  boiling  point  of  water,  are 
rehnhle. 

Although  in  the  foregoing  description  we  h&xtt 
asannied,  Ibr  tlie  sake  of  dmphfying  the  matter, 
thnl  the  bar  is  merely  compounded  of  two  metala, 
pifttinnm  and  Bilvor,  M.  Breguet  actually  makes 
the  spiral  of  hia  thermometer  of  three ;  accord- 
ingly tlie  inBtnmient  is  now  made  by  inteiposing 
between  the  platinum  and  silver,  a  nietnJ  of  mean 
dilfltabiHty — of  pure  gold«  for  example.  So  great 
is  the  flenability  of  thia  instrument,  that  when 
inclosed  in  an  air-ptunp  receiver,  and  the  air 
withdrawn,  it  indicates  a  reduction  of  tempers- 
tnr^  fi-om  06'  F.  to  25"*?  (=;44'  F.),  whilst  a  sensitive  mercurial  thermometer 
fell  only  Sb"  F.  The  appended  Tvooduut  is  a  representation  of  one  of  Breguet  a 
thermometers* 
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CHAPXEBIV. 

SraOIAZ.  OHARACTEBIBTICS  OF  THE  METALS — THEIB  80UB0ES  AND  DISTBIBUTION , 
THEIB  CHBMI8TRT,  QTTAUTATiyB  AND  QUAMTITATITS — ASSATINO. 

In  additioii  to  ihe  syBtematio  *Afli»lii¥igB  of  philosophy,  each  subject  of  philo- 
BOphio  inqniiy  has  broad  features  and  salient  points  of  its  own,  which  impress 
themaelTeB  on  our  observation  at  once,  and  often  remain  fixed  in  the  memory 
irhen  systems  are  forgotten.  It  shall  be  our  endeavour  to  present  the  reader 
intfa  a  cursory  glance  at  these,  and  thus  conclude  our  introduction. 

Inn. — ^Many  of  the  "  points"  of  this  useful  metal  have  already  been  deter- 
mined in  a  collateral  way,  while  others  are  reserved  for  special  consideration, 
80  ihai  our  present  remarks  will  be  few.  In  a  metallurgic  sense,  the  mineral 
80orc88  of  iron,  as  we  have  already  indicated,  are  very  extensive.  Iron 
oooors  in  a  native  state,  though  not  in  quantities  sufficient  to  be  of  value  to 
metallurgy.  Native  iron  is  chiefly,  if  not  altogether,  of  meteoric  origin, 
and  it  has  the  peculiarity  of  containing  nickeL 

Svlphwets  <nr  Snlphides  of  Iron. — ^Iron  is  found  combined  with  sulphur 
in  several  proportions,  sometimes  alone,  at  other  times  combined  with  other 
bodies.  Of  the  former  there  are  two  sulphurets,  the  one  known  as  magnetic 
pyrites,  the  latter  as  common  iron  pyrites,  being,  in  chemical  language,  a 
bisulphuret  or  bisulphide  of  iron.  There  are  also  arsenical  iron  pyrites, 
Harrio  copper  pyrites,  and  the  mineral  purple  copper,  which  is  a  compound 
of  solphur,  copper,  and  iron.  The  minerals  Weiisgiltigers  and  Orattgiltigerz 
are  components  of  sulphurets  of  copper,  iron,  and  zinc.  When  arsenic  is 
eraibined  with  the  preceding,  the  mineral  result  is  termed  gray  copper.  Of 
•imilar  qualitative  composition,  also,  is  the  mineral  called  "  Tmnantite;"  and 
the  combination  of  solphurets  of  antimony,  of  copper,  of  arsenic,  and  of  silver, 
is  known  as  copper-blende. 

For  smelting  purposes  the  sulphurets  of  iron  arc  useless,  sulphur  being  a 
matmiaJ  very  prejudicial  to  the  quality  of  iron,  and  arsenic  more  prejudicial 
•CiU.  Smelting  processes  cannot  well  eliminate  the  two  noxious  agents ;  or, 
at  loast,  other  ores  of  iron  are  so  numerous,  and  so  much  more  readily  worked, 
that  the  working  of  iron  pyrites  will  not  pay. 

Oxygan  Gompomida  of  Xzon, — Mineralogically  considered,  these  are 
TCcy  numerous,  and  constitute  the  chief  source  of  iron.  There  are  two  oxides  of 
iron  known  to  chemists,  the  protoxide  and  the  peroxide,  or  sesquioxide :  both 
of  these  occur  as  ores  in  nature.  The  mineral  known  as  specular  iron  is  pure 
Besqnioxide;  it  constitutes  the  celebrated  iron  ore  of  Elba.  This  mineral, 
when  hydrated,  is  also  called  re<l  iron-$tone  and  bloodstone,  or  hsematites  (red 
and  brown).  The  minerals  known  by  the  names  of  brown-iron  ore  and  bog- 
iron  ore  are  composed  respectively  of  sesquioxide  of  iron  and  water;  in 
^^^ffnift^l  language,  "  hydrated  sesquioxide  of  iron."    Bog-iron  ore,  however. 
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differs  from  the  first  iu  contiiinmg  a  portioQ  of  BiLicic  tusd  phospkoiic  tmd. 
Clay  iro&-At4)n«  oonsiflts  of  iron  mixed  wiUi  a  largo  amount  of  extran^'diia 
iDfttters.  The  mineral  termed  cliromivte  of  irun  is  ft  compound  of  oxide  of 
iroti,  and  oKid^  of  chrome,  together  viith  alumina  and  magnet.  The  mineri] 
termed  Frankiinite  or  dodectthedral  iron  ori^  is  a  mixture  of  sesquioxide  of 
iroD,  oxide  of  zinc,  and  protoxide  of  mongaiieBe.  AutomoUta  is  a  raixture  of 
protoxide  of  iron  and  oxide  of  zinc,  iogtither  with  alumina,  xinOr  mu^esia, 
and  Eiiica.  Menaccanito,  Titaniferous  irun,  Ciicbtoziite,  Nigrine^  Is^nne, 
nmenite,  tmd  a  fow  other  minemla,  are  corobinatioui  of  protoxide  "with  tltfttiio 
acid.  'VValii-iua  is  a  compound  of  Lungstate  of  protoxide  of  iron  wilh  tangiUt« 
nf  maugouese.  Skorodito  i&  a  conipoiuid  of  poroxide  of  iron  with  arsenic  acid 
and  -n-ater :  be&idea  which  there  are  two  araeiiiiitca  of  protoxide  of  iron  (cuHe 
iron  aud  ^iitchy  ii'on  ore).  The  mineral  Iciitn^'n  as  e^athose  iron  ts  a  car> 
bonato  of  protoxide  of  iron,  often  mixed  vdth  carbonate  of  protoxide  of  laan- 
l^ancse :  also  linie^  water,  and  magnesia.  Besides  the  minerals  already 
indioatedk  iron  ultio  occiu's  in  seveml  gtjiies  of  combination  with  phosphoriu 
and  sUicifi  acids  ^  aho  in  union  witli  Bodut  lime,  alumina,  manganese*  mag- 
nesia, nickel,  cobalt,  cerium,  yttrin,  and  other  bodies.  Iron  is,  tiierefore,  ofi« 
of  tht  moHt  exteusiveJy  dilYn&ed  of  all  motalfi. 

Gbemlcal  ChaiaeUxiaticB  of  Iron.* — Perhaps  no  metal  can h«&o  readily 
iTiade  evident  by  the  operation  of  ehemicnl  testa  as  iron.  Whether  the 
testing  procena  be  conducted  in  the  modst  or  drj-  way,  tlie  proofs  ore  nn^ 
failing;  though  the  former,  we  thiiik,  yields  tlie  fiurest  indicutions.  There 
are  two  oxides  of  iroUt  protoxide  and  peroxide  (or  Besqnioxide).  oapablo  of 
uniting  with  acida,  and  funning  saltA — pi'otuflatta  and  persalts  (utlierwiac 
called  seHquiKalta)  rcB^Tcctiyely.  The  charocterislJc  tint  of  the  persalts  is  r^  o; 
brown,  and  tlie  protoBolts  gi'^on ;  or  eke  tlic  latter  are  colourlefita.  It  is  diiBcuH 
to  get  a  pure  protosfdt  of  irou^  so  great  is  tlie  tendency  of  tlds  class  of  aaltt 
for  oxygen.  Uauall}-.  when  iron  is  diasolved  in  sulphuric  or  hydixtcklodt 
acid  for  the  purpose  of  Hubscquent  testing  or  aeparation,  the  solution  ia  ■ 
mixture  of  prf»!o)^t  and  porfiiilt.  The  chemist  al^-ftj-s  converts  the  wholtf 
into  die  gtatc  of  pcrcombiuatiun,  by  mixin^^  it  with  a  httle  nitric  acid^  and 
hnihng.  Proctioolly,  therefore^  we  have  only  to  consider  the  teats  and  prs- 
cipitants  fur  peroxide  of  ir<L»n  in  combination,  inafmuch  aa  the  ^tata  of 
peroxide,  or  ^>croxido  combination,  is  thiit  in  which  ii'ou  ia  alwiiys  eatimiitftd 
in  the  moist  way^ 

TfsU  of  tlffi  prcsenee  of  Senqitjoxtde  if  Iron  in  Solution. 

Two  of  tlie  tests  of  the  presences  of  tliis  aubatance  are  of  especial  import- 
ance :  tincture  or  infuHiou  of  galls — a  jj;allic  acid  wliich  strikes  a  black  oolotiz 
(ink) ;  and  ferro^yanide  of  pota&dum,  which  ^-ields  a  characterifilic  Pmasian 
blue.    These  tcsla  are  so  dhitinntlTc,  Ihat  all  othei-s  may  be  omitted. 

Prmpiianit  of  Oxide  of  Iron. 
\\'henever  the   conditions  of  ftn£j.ysiH  j>ermit,  peroxide  of  iron  ia  throfwa 
down  by  amnioniji  heiited  to  redness,  takit]^  care  that  no  organic  malter 
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in  coQtacI  with  it»  aad  weighed :  every  80  parte  by  weight  correspond  with 
&ti  parts  hj  weight  of  metjUUc  iron.  Pero^ude  of  iron  and  ftlumina,  when 
they  gxiBt  together  in.  solution^  are  generally  prctupitaied  togetlier  by  ammo- 
nia, the  ELliiiiiiit&  being  mibsequenily  disBoLvcHl  out  bj  cauatic  pcrteah,  Occa- 
aionally,  peroxide  of  iron  does  nut  admit  of  being  thrown  do^ii  by  aimnonia ; 
in  which  case,  succinic  oi  benzoic  acid  is  cmphijed*  and  ilie  m&i&L  tlurown 
down  in  the  condition  of  succinate  or  benzofxt*)  of  Uio  peroxide . 

DcUrmifuitiifn  of  th<s  prtsfm'C  vf  Iron  qittxlUathehj  hy  the  Bloii^piji^, 

Odij  remark  apphea  to  bloY\'pipe  metallic  indicationH :  either  the  metaJt 
are  reduced  to  the  metdillic  funn,  aud  thus  rendered  evident,  or  tlie  metals, 
atid  their  volatile  conibiuationB,  uro  tlirown  off  in  a  chaificteriBtic  Vfiponr; 
or,  finally,  their  combinutioas  yield  chnracterisiic  tests  lA-ith  fluxes.  The 
bhj^qnpe  uuUcations  ^i^'lded  by  iron  are  uf  ths  latter  Idnd.  We  have  niieady 
reniarkcd  that  ^lere  must  be  two  oxides  uf  iron,  Uie  protoxide  nnd  the  sesqui- 
Qxide  or  peroxide,  botli  ca])able  of  tuiidng  with  ocidjij ;  there  i&  also  anctJicr, 
the  black  oxide  :  all  three  are  concerned  in  affording  indicalionB  of  the 
presence  of  iron  nndcr  hlon'pipe  analyiiiis.  Tbe  blowpipe  llame  consists  of 
two  partai  each  haviitg  a  dilTurent  functiQn  i  the  cone  A  (Fig.  £  5)  ia  culLsd  the 
reducing  flame,  seeing  that^,  by  virtue  uf 
hydrogenous  and  cni'bonEiceous  matter 
not  yet  coTisunicdi  itelimfitea  oxygen  j 
B,  on  the  other  hand«  ia  the  oxidizing 
flame,  seeing  that  it  imparts  oxygen 
to  bodiea  under  treatment.  Minute 
portions  of  iron  mineral,  if  mixed  with  flnx,  taken  np  in  a  platinnm  loop. 
and  heated  in  the  reducing  flame,  yield  a  glass,  the  coloiu-  of  wliich  is 
cither  bottle-green  or  cupperas-greun,  accorcling  as  protoxiile  or  black  oxide 
of  iron  is  pixsneut;  if  held,  ou  the  contrary,  iii  tlie  oxidizing  £ame,  the 
TBSulting  glasa  ^^ill  be  red.  By  alternating  the  two  flame  cones,  the  change 
from  gr^n  to  red  and  red  io  green  may  he  reptatad  indefinitely.  A  small 
particle  of  tin  mixed  with  lomx  and  jwroxidc  laueh  fftcihULtes  the  reduction  ; 
but  in  thla,  and  every  other  case  invulving  the  similar  employment  of  ractals, 
cither  a  platinum  loup  should  not  bfl  used,  or  the  metal  alionld  not  be  allt»wed 
to  come  in  contact  with  it.  Thia  latter  condition  hi  not  difficult,  if  moderate 
caro  he  exercised ;  it  can  easdy  he  retained  in  tha  flux  ctmiprised  in  the 
pklinum  loop,  i^ithont  UiuchiiJg  the  platmum.  Perhaps  it  ifi  scarcely  necea- 
eary  to  observe,  Uiat  platinum^  though  alone  a  very  infusible  metal,  readily 
fuMB  when  heated  in  coiiUct  widi  tin,  lead,  zinc,  Ac.  If  the  horai  exliibity 
a  blue  inatcad  of  a  gretu  tint,  the  prcRence  of  cobalt  is  indicated ;  if  violet, 
pasainj^  to  red.  manganese  ;  if  dw*k  violet,  changing  to  green  when  hot  in  the 
reducing  flamep  blue  when  cold — both  cobalt  and  mitnganeae  arc  indicated. 

Furnace  entimation  of  Iron  on  th^  9maU  gcaU—The  Iron  A$m}f. 
Although  tlie  estimation  of  iron  by  the  moist  process  is  the  more  accurate 
procQSB.  y»t  Uie  direct  extraction  of  iron  from  an  ore  contMnmg  it  by  process 
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of  fmmaoe  or  crucible  agency  ia  perhaps  the  more  generally  eligible,  as 
affording  dearer  infotmation  respectmg  the  actual  quantity  of  iroa  oblainablfi 
on  the  large  scalo. 

Au&ying  Funi«.ceft. — The  hi^b  temperature  at  wHcb  tbe  iiiaion  of  iron 
ensues,  rcq^uire.'^  that  fmiiaces  employed  in  conducting  the  a,asay  of  tMa  metil 
ahoulil  yield  ahnost  the  strongest  of  wliicb  furnaces  aie  capable,  and  that  tlie 
cmciblea  employed  aboold  be  of  the  most  refractoi^  materiaLs,  In  Sw&den, 
the  furnace  emplttyed  is  known  ob  Sefstram's  furnace*  Uie  cbaract«iifitiC9  of 
which  will  be  presently  described ;  but  a  blast-furnace  of  goud  constmctioa 
answers  perfectly  t\-c11. 

The  very  in^enioiin  form  of  bliist-fumnce  knoii^'n  vs  Sefstrom'a*  consifits 
of  an  external  cylinder  of  ii'on  pbtte,  abont  fifteen  incbea  In  ddametert  and  an 
internal  cylinder  of  Uie  summ  tdnd  of  mtLterial,  eeparated  from  the  precediugr 
by  an  aLr-space  of  about  Uio  Ihif  knesa  of  nu  inch.  Tito  connection  of  the 
two  cylinders  ig  establielicd  willi  eat-h  other  by  means  of  a  rim  of  sheet- 
iron  correspondiiig  T^ith  tlie  width  of  the  air-chamber,  and  joining  the  two. 
Both  external  and  intcmni  cyUndem  liavo  bottoms  of  sbeet-iron  plate,  nnd  tJse 
fuTiiacc  is  corapleted  (all  except  the  apertures  in  it,  and  wluch  constitnto  its 
miiiu  peculiarity)  by  n  lining  of  fine  clay.  The  ftmctional  peculiarity  of  the 
Scfstrbm  furnace  is  this : — Ordinary  wiud-furnaces  receive  their  blast  through 
one  aperture,  and  deliver  the  Bsnie  in  one  blast  on  the  entrance;  but  the 
Sefstrijm  furnace,  tliougli  receiving  its  cniTcnt  of  air  by  one  blast  passing 
int*j  the  air-chnmber,  circumscribed  by  the  concentric  cylinderB,  delivers  tlw 
sanie  air  to  the  fuel  by  many  blasts,  each  determined  by  a  perforation 
through  the  inlomal  cj"Iinder  and  lining  clay. 

The  accompouj'ing  diagram  (Fig    16)  representa  the  estemal  cylinder 

^._  — . ,^  of  ft  Sefstrtim  furnace  removed,  its  origiual 

,''  '^"^        aituation    beifig    indicated    by    dots,   and 

**;    Fig.  1 7  ahowH  tlko  arrangement  of  tliia  con- 
^,1    venient    little 
''    J    furnace  'n'heD 
]    in  use.    Cliar- 
I    coal  broken  to 
I    the     size     of 
I    hazel-nuts    is 
the    fuel    era- 
,'    ployed  in  Swe- 
den ;buta  mix- 
ture   of   small 

coke  and  charcoal  inay  be  ns.  I 

"Whatever  the  kind  of  fiimoee  eniplnycd ,  llie  crucible  stepsi  of  Uiu  operntton 
are  aa  follow  : — Having  selected  a  crucible  of  proj^ier  dimensions,  it  mtisl  be 
lined  with  a  coating  of  c-oflrsely  powdered  cbarcoaL  This  i^  done  by  moist- 
ening the  c^harci:ial,  and  ramtnlDn^  It  into  the  crucible  inlh  a  ivooden  pestle^  in 
fluch  manner  that  the  pesUo  serves  as  a  mould  to  form  a  cavity.  The  ram- 
ming process  must  not  be  aecompHshed  at  oncB,  but  hy  successive  stages,  Wid 
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the  aivily  must  be  accurulely  smtwtlied  bt^foie  tlie  [)|ji^mtum  of  lining  is  com- 
plete. Hie  charcoal  limn^  should  bu  not  less  tiian  half  mi  inch  thick  at  tlie 
thickest  piirt,  aiid  the  moulding  ahuuld  bo  so  couditcted  that  the  rcffultiiig 
cai-ity  may  have  tlie  figure  here  repre&t'iilGd,  tli€  sinull  Ghauihei-like  contrac- 
tion being  Uie  locality  ivhere  the  ore  to  he  assayed  ia  depoEdted< 

Any  kind  of  fiuimce,  even  a  cotnmou  sitiith'vS  forge,  may  be  used  for  Assay- 
ing Tlioae  fired  whicli  ai'e  supplied  with  rortet'ft  puient  tuyere  are  the  best. 
This  tuyere  is  represented  in  the  W- 


conapiuiying  engraving  {Fig.  18);  it 
hoa  a  couie  ridve.  ^^hich  is  zuoveablo 
fifom  below  by  a  lever,  causing  the 
tuyere  to  pass  more  or  leas  blast,  by 
diiniimliing  or  increaeing  ita  opening. 


Fig.  IB. 


Over  this  tnyero,  or  indeed  any  other, 
a  Bmall  hriek  fiuTitLco  may  be  formed,  and  used  as  tlie  one  above?. 

A  cruoible  is  aometiiues  formed  as  shown  in  Fig.  10.    It  ia  of  fireHslaj  ; 

tlie  foot  is  moulded  to  it^  and  aeiTes  ag  a  stand ; 

jt  is  weU  haked,  and,  in  fact,  treated  like  any  other 

crucible.    The  pot  contains  a  lining,  conaistdng  of 

one  part  in  weight  of  fmo  clay,  and  one  of  tine 

charcoal  poivder,  moiBteued  'witli  a  little  water, 

Witli  tlm  mass  tJie  interior  of  the  crucible  ia  lined 

to  about  a  qutu"ter  of  an  inch  thick.     A  second 

lining  ia  now  formed  of  two  ports  carbon  and  one 

of  cla3',  wliich   is  alao   moiatenerV  t!ie  crueible 

.  ^^^^  filled  inth  it,  and  tJie  whole  gently  dried.    Into 

[  ^^^^r  tlua  last  lining  a  block  of  wood  is  pressed  while 

1  H  ^^^^K^  the  mass  is  still  moist,  and  a  e^avity  formed  in 

^^ft      ^^^^^^^^^  the  conolike  shape  shoini  in  the  engravingp  to  re- 

^^       ^^^^^^^H  ceive  the  ore  for  smelling.   The  pot  is  now  oorered 

b}'  a  slab  of  fire-elay. 

The  ore  to  be  assayed  is  finely  powdered,  and 
to  evMy  100  grains  of  ore  from  1 2  to  '.^^  grains  of  borax »  Willi  about  half  as 
much  clialk,  and  from  %  to  10  ^^iiins  of  hydmte  of  lime  oi'o  added.  This  (lux 
is  wtdl  mixt'd  wiLli  tlie  ore,  and  aU  finely  powdered  and  put  into  the  pot, 
covored  witli  a  layer  of  chareuol-powdcr  about  a  quarter  of  an  inch  thick,  and 
Uie  flay  Hhih  Intod  fii-miy  to  the  crucible,  1*111011  is  placed  in  Hie  furuoce. 

The  perfcrt  fusion  of  iron  requires,  under  the  best  of  conditions,  so  great 
«Ln  amount  of  heat,  tiiat  it  becomes  a  matter  of  great  consequence  to  select  for 
each  partieular  sample  of  iron  ore,  the  most  appropriate  flux. 

To  hdiil  thiH  coiidiUon  ^nth  certainty  and  at  once,  a  preliminary  chemical 
onal^aiB,  by  the  moist  way,  of  each  particular  ore*  would  be  ueceeaary ;  but 
tlie  process  of  asaayiiig  is  adopted,  for  tlie  most  part,  to  ovoid  tlie  core  and 
trouble, — Uio  necessity  of  chemical  apponitua,  and  chemical  knowledge,  in 
eojBes  only  requiring  approxiniativo  results ;  henoo,  to  make  an  elaborate 
ehcmtcaJ  analysis  precede  by  necessity  the  process  of  assay,  would  bo  to 
dcpriT«  th«  Jfttiai  of  its  greatest  claim  to  preference      I  ahall,  therefore,  state 
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the  g^nerftl  principles  to  be  remembered  in  the  fluxixtg  of  parlic:nlar  Bompka 
of  iron  ore*  b^<1  poUit  out  in  wliat  maimer  tli«y  may  be  reudered  ELTHJlnble, 
under  the  guldant-e  of  tart,  and  chemical  jndgmeat  as  distingiUjEiied  from 
(ihomicftl  de:moti>iiratioti.  The  juain  object  uf  fliixeg  m  all  ofterations  iuvoLv- 
ing  tlieir  use,  ia  tlie  fonuation  ol'  oaBily  fusible  sings.  "Sovr,  pructic«  ha 
detenmned  tliat  the  most  fiisible  iron  ores  fire  Uiose  in  Yvbicb.  the  cfubonatea 
of  eartlia  (of  Uiae  nud  magnesia)  itiken  as  one  cIosa,  and  tlio  cl^j^j  and 
sUifioua  matters  t-ukeu  as  ajiother  cjasa.  arc  in  the  ratio  of  two  totliree.  The 
[loiut  to  determiiie,  thetx,  iy,  tlie  amount  of  deriation  froin  this  ratio  in  any 
pitrdculiir  ore  under  consideratioij.  "When  known,  tlie  clajey  or  orgillaceoiu 
defect  can  be  made  up  by  Chiim  ciay  ■  and  the  defect  of  carbonAteB  of 
earths  by  chalk.  Without  having  recoiu-Be  to  qiiantitatire  analjsds,  a 
tolerably  ciirrect  jud^ent  may  be  acquired  by  treating  a  portion  of  the 
IHJwdered  ore,  v-itli  dilute  hydrochlorie  (muriatic)  acid  in  a  test  tube.  If  no 
ritrbonatcB  be  presc^ut,  Uiere  Tsill  be  no  eBTerveBccnce ;  and  tlic  aiuotmt  of  efler- 
leHcencfi  will  be  proportioiiate  to  tlip  funotint  of  carhonat*?.  Tliis  simple  ex- 
)>odient  -will  be  usually  out>ugh  for  all  practical  purposes. 

Tlie  quantity  of  iron  ore,  finely  powdered,  fltilmiitted  to  aBsay*  mnst  depend 
ou  the  oporator'a  means  of  applying  fomace  heat,  and  wwgJiing.  If  a  Sefetrum 
fiiniace  be  used,  and  a  good  assaying  balance  at  hand,  twenty  gmins  will  be 
ample ;  and  in  wo  case  perhaps  can  tlie  miiount  operated  on  be  raiaed  with 
advantage  beyond  'I^Q  grains.  Whatever  Uie  quantity  it  ja  to  be  de|N>aited, 
tiiised  wjtli  thf!  proper  amount  of  fluXt  in  tlie  Uttle  cavity  at  the  bolt<>ni  of  the 
r'harcofti  cnicible,  and  the  citiciblt?  rammed  fiiJl  of  as  mucli  powdered  charcoal 
as  it  will  contain,  the  cnicible  cover  is  Uited  witli  firG-clay,  and  the  whole 
submitted  to  furnace  heat.  At  first  the  heat  slionld  be  gentle,  but  raised 
towards  the  end  of  tlie  opemtion .  until  brought  to  the  higliest  pitch  wliieb  thfl 
fiunAcB  is  capable  of  yielding.  The  process  when  conducted  in  an  air-fitmac'Si 
usually  occupies  aboitt  an  hour.  At  tlie  expiration  of  that  Ume,  Uic  heat  ia 
allowed  to  subBidc, — the  cnicible  witlidrawn* — allowed  to  cool;  and  when  cold 
enouph  to  he  handled,  the  lid,  firmly  ntfaehcd  to  the  crucible,  is  broken  off; 
and  tlie  iron, reduced  toabutton, if  the  operation  has  been  snccescifuS. removed 
tad  weiglied-  The  button  will  be  found  lying  iinderneath  a  mass  of  vitrei>uA 
elag.  The  qutihty  of  the  button  of  iron  is  pmcticnUy  judged  of  by  seeing 
whether  it  flatteua  under  tlie  bloxv  <7f  a  hammer,  or  breaks.  If  tlie  former,  aa 
approaoh  to  the  condition  of  1^'runght4ron  h  indicated,  and  tlie  ore  pronusea 
to  yicW  on  tl>e  large  scnle  a.  fine  ^jiiaiitntive  result ;  if  ih^  bitter,  an  approach 
to  cast-iron  is  manifeHtt'd.  which  occurring  in  tlte  presence,  and  under  the 
itiflucnte  of  wfsod-charcnid,  oflei's  but  httle  promise  of  a  fme  result  when 
Kmelted  on  tbe  largo  ^cale  wjtli  coke, 

Lead. — This  ib  a  Ycry  extensively  dilTused  metal,  thongh  neither  m 
widely  difiseniinated  nor  bo  plentifully  as  iron. 

(a.)  SidphureU  i>r  Sulfihiikt  of  L^itd. — {h.}  Oicides  a»d  Qj^f/€H  SaltM  of  Lead, 

(*!.}  The  principal  leail  ores,  considered  in  a  metallnrgic  point  of  i-iew.art 
Ibe  siiiphuroti^  orsulphiden  of  tlio  metal;  eonietimes  (done.ih  uUieis  together 
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vith  T&rioQS  other  metals.  The  monoaulphide  of  lead,  i,e.  the  compound 
of  one  equivalekit  of  sulphur  and  one  of  lead,  constituteB  the  plentiful  mineral 
gileiuk,  or  lead  ^ance,  characterized  by  its  beautiful  cubic  ciystals  of  bluish- 
gray  colour.  This  is  the  most  common  and  the  most  important  ore  of  lead, 
famishing  nearly  all  the  lead  of  commerce ;  carbonate  of  lead  yielding  the 
zemaining  portion.  Qalena  is  fusible  at  a  red  heat;  and  if  fused  in  a 
tube  through  which  a  current  of  atmospheric  air  is  maintened,  it  may  be  sub- 
limed in  a  sort  of  distillaiy  process.  When  heated  in  the  blowpipe  flame,  or 
efven  in  thQ  unaided  flame  of  a  candle  or  spirit-lamp,  it  erolYes  sulphur  or 
sulphurous  add,  according  to  the  amount  of  air  supplied.  JameaonUe  is  a 
combination  of  sulphide  of  lead  with  antimony,  iron,  zinc,  and  copper ;  Bour- 
noniu^  of  sulphide  of  lead  with  antimony  and  copper ;  Zinkenite,  of  sulphide 
of  lead  and  tersulphide  of  antimony ;  Siberian-needle  ore,  of  sulphide  of  lead 
with  tellurium  and  nickel. 

Lead  also  is  found  united  with  chlorines,  as  chloride  of  lead,  of  which  the 
mineral  cotunnite,  &om  Vesuvius,  is  an  example,  and  in  the  form  of  boni- 
chloride  of  lead  in  the  Mendip  Hills  of  Somersetshire.  It  is  also  found  united 
with  selenium. 

(6.)  These,  regarded  as  naturally  occurring  mineralogical  bodies,  are 
important  bodies  to  the  metallurgist.  There  exists  native  white-lead  ore, 
carbonato  of  lead,  and  native  black-lead  ore  *j  and  earthy  carbonate  of  lead, 
which  is  carbonate  of  the  metal  mixed  with  alumina,  silica,  and  peroxide  of 
iron.  Oxide  of  lead  also  occurs  native  combined  with  sulphuric  acid  (sul- 
phate of  lead),  though  sparingly.  These  may  also  be  enumerated  amongst  the 
oxygen  salts  of  lead — arseniates,  phosphates,  chromates,  molybdates,  tnng- 
Btates,  and  va&adiates.  I^ead  finally  occurs  naturally  as  sulphuret  mixed  or 
combined  with  other  sulphurets,  as  of  iron  and  copper ;  and  in  the  metallic 
state  united  with  the  metals  silver  and  copper. 

Chemical  Characterittici  of  Lead:  (a.)  The  Moist  Process. — (h.)  Blowpipe 
MeactioM. — (e.)  Furnace  Estimation  of  Lead  on  the  Small  Scale—The  Lead 
A$sa^. 

(a.)  This  metal,  if  dissolved,  will  be  present  in  the  condition  of  protoxide ; 
for,  thou^  there  are  distinct  oxides  of  lead,  and  several  combinations  of 
those  oxides  amongst  themselves  in  the  manner  of  acid  with  base,  the  pro- 
toxide of  lead  is  the  only  one  which  unites  viih  acids,  and  which  will  be 
therefore  found  in  chemical  solution.  The  chemical  indications  of  the  pre- 
sence of  lead  in  such  a  solution  may  be  thus  summarized : — 

HydroBulphurio  acid  and  hydrosulphate  of  ammonia  yield  a  black  pre- 
cipitate. 

FeiTocyanxde  of  potassium,  a  white  precipitate ;  sulphuric  add,  a  white 
predpitate  (sulphate  of  lead) — perhaps  the  most  insoluble  compound  in  nature 
after  sulphate  of  bazytes,  from  which  it  may  at  once  be  distinguished  by  the 
Action  of  hydrosulphate  of  ammonia,  which  turns  it  black. 

*  Kot  plumbago,  the  tnbitanoe  usually  termed  bUcklead,  end  which  containt  no 
lead. 


02  LEAD   ft&LTS  rXDER  THE   BLOWPIPE. 

If  a  piece  of  iron,  zinc,  or  tin,  be  suspended  in  a  lead  solntion,  the  lead  ig 
reduced  to  the  metallic  form,  and  deposited. 

{b.)  Lead  salts  and  lead  ores  generally  afford  Texy  characteristie  resulta 
under  blowpipe  treatment.  If  a  minute  portion  of  pliunbiferons  metal  be 
exposed  on  a  piece  of  charcoal  to  the  redndng  portion  of  the  blowpipe  flame, 
the  lead  is  speedily  converted  into  yellow  oxide,  which,  not  being  very  vola- 
tile, is  deposited  in  a  ring  almost  close  to  the  place  where  the  fragment  acted 
upon  was  rested.  This  is  a  vezy  characteristic  blowpipe  test  of  the  presence 
of  lead. 

fr.)  Before  subjecting  an  ore  of  lead  to  assay,  it  is  necessary  to  determine 
whether  it  contain  sulphur  and  arsenic,  or  whether  it  be  free  from  one  or  both. 
Galena  is  the  principal  ore  belonging  to  the  former  class,  whilst  carbonate 
of  lead  is  the  chief  representative  of  the  second. 

KoUiing  is  more  easy  than  to  effect,  by  preliminary  experiment,  the  deter- 
mination of  the  presence  of  arsenic  or  sulphur.  Both  are  volatilized  fay  ths 
heat  of  a  spirit-lamp,  or  the  hlow-pipo  flame,  and  both  yield  characteristie 
odours — sulphur  becoming  sulphurous  acid,  which  smells  like  the  fumes  of 
a  burning  brimstone-match ;  arsenic  becoming  changed  to  arsenions  acid  if 
heated  alone,  or  escaping  as  volatilized  metallic  arsenic  if  heated  in  presence 
of  deoxidizing  matter,  such,  for  example,  as  charcoal.  Vaporous  arsenic  is 
knon-n  by  its  peculiar  alliaceous  or  garlic  smell. 

(rt.)  A$$ay  of  Lead  Oret  devoid  of  Sulphur  and  Arsenic. — (b).  And  of  Lead 
Ores,  containing  SuJphur  or  Arsenic y  or  both. 

Oenesal  Renuaka, — Whatever  be  the  ore  of  lead  subjected  to  the  pro 
cess  of  assaying,  care  should  be  taken  that  the  furnace  heat  be  not  more  con- 
siderable than  is  absolutely  necessary  for  oficcting  the  desired  fusion ;  other- 
%visc,  the  result  would  be  incorrect,  because  lead  is  a  somewhat  volatilo 
metal,  and  portions  of  it  would  be  dissipated. 

(n.)  Tliis  operation  is  exceedingly  easy,  notliing  more  being  required  than 
to  mix  about  forty  or  fifty  grains  of  the  powdered  ore  with  about  one  and  a 
half  times  its  weight  of  dried  carbonate  of  soda  (wasliing-soda,  with  all  its 
water  of  crystallization  driven  off  by  heating),  and  one-tenth  of  its  weight  of 
powdered  charcoal,  and  expose  the  whole  to  a  graduated  and  moderate  fox- 
naco-heat  until  tlie  operation  is  judged  to  be  complete. 

In  this  and  other  cases  invohing  the  employment  of  carbonate  of  soda, 
tlie  cniible  must  be  considerably  larger  than  tlic  bulk  occupied  by  tlie  mixed 
ore  and  assay,  because  the  carbonate  tumifies  and  expands,  especially  during 
the  early  stages  of  the  operation ;  and  were  not  adequate  space  allowed,  it 
would  flow  over  the  crucible  and  spoil  tlie  operation. 

On  removing  the  crucible  from  tlie  furnace,  it  should  be  firmly  seized  by 
a  pair  of  tongs,  and  gently  tapped  on  a  hard  surface,  in  order  that  any  litUe 
particles  of  lead  not  yet  aggregated  may  collect  into  one  definite  bead,  ^acti- 
oftUy,  tlio  quality  of  lead  is  judged  of  by  tlie  colour  and  degree  of  hardueas  of 
the  bead.  If  a  lead-smeltcr  wishes  to  impress  one  mtli  notions  of  extreme 
excellence  of  lead,  he  will  affirm  it  to  bo  "  soft  as  butter." 
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If  it  be  desired  that  still  more  accurate  knowledge  should  be  acquired  of 
the  constituents  of  the  bead,  chemical  analysis,  or  at  least  a  further  process 
of  assaying,  must  be  had  recourse  to.  As  an  example  of  the  latter  case — 
assuming  the  bead  to  contain  silver  or  gold,  or  both — ^the  two  noble  metals 
can  be  left,  and  their  conjoined  amount  determined  by  the  process  of  cupeUa- 
tion,  to  be  hereafter  described. 

(b.)  Two  distinct  processes  of  assay  are  now  followed :  the  first  consists  in 
the  employment  of  a  flux  of  carbonate  of  potash  or  carbonate  of  soda  alone,  or 
the  mixtiure  of  carbonate  of  potash  and  charcoal,  known  as  black  flux ;  the 
second,  in  subjecting  the  ore  to  the  combined  agency  of  furnace-heat,  pieces 
of  iron,  and  eiUier  carbonate  of  alkali,  black  flux,  or  borax.  The  first  scheme 
of  treatment  we  shall  not  fixrther  describe,  as  its  indications  are  wholly  unre- 
liable ;  the  second  process  is  conducted  as  follows : — Two  earthen  crucibles 
being  selected,  their  insides  are  smeared  with  black-lead,  and  a  few  clean  noils 
are  placed  head-downwards  in  each.  The  ore  to  be  assayed  having  been  mixed 
with  its  own  weight  of  carbonate  of  soda,  is  tightly  pressed  down  about  the 
nails ;  over  this  is  placed  a  layer  of  common  salt,  and  above  the  latter  an 
amount  of  borax,  equal  to  the  weight  of  the  lead  ore  to  be  acted  upon ;  the  whole 
is  placed  in  a  furnace,  and  heated  to  dull  redness  for  ten  minutes,  then  raised 
to  bright  redness  for  another  ten  minutes.  The  crucible  (open  from  the  first, 
80  that  each  stage  of  the  operation  has  been  evident)  is  moved  from  the  fire 
when  the  fusion  is  noticed  to  be  complete,  and  the  nails  are  removed  by  a  pair 
of  crucible  tongs,  taking  care  that  during  this  removal  each  nail  is  well  bathed 
in  the  fused  mixture  of  borax  and  salt  floating  above.  The  orucible  is 
finally  to  be  smartly  struck  against  a  hard  body,  to  cause  the  lead  to  aggre- 
gate into  one  button,  tlie  whole  allowed  to  become  cold,  and  the  button 
weighed.  This  process  is  a  modification,  by  Mr.  Mitchell,  of  one  long 
employed  in  France. 

Goppez. — This  metal  is  not  so  widely  diflused  in  nature  as  either  iron  or 
lead. 

Copper  is  found  in  the  nncombined  state  (native  copper),  especially  in 
North  America,  where  it  occurs  in  enormous  masses;  in  various  sulphur 
combinations,  either  alone  or  more  frequently  united  with  sulphurets  of  other 
metals,  as  iron  (purple  copper),  arsenic,  and  iron  (Tennantite)  ;  with  silver; 
with  arsenic,  iron,  silver,  and  antimony  in  copper  blendes ;  with  tin  and 
iron  (tin  pyrites)  ;  with  antimony,  silver,  iron,  and  zinc ;  with  antimony  and 
aUver  (antimonial  gray  copper) ;  with  lead,  antimony,  and  iron  (Boumonite) ; 
with  silver,  iron,  and  arsenic(  Gansekothigerz) ;  with  bismuth ;  with  that 
metal  in  lead,  nickel,  and  tellurium,  constituting  Siberian-needle  ore.  Com- 
bined with  oxygen,  it  exists  alone  or  combined  with  other  metallic  oxides, 
hydrated  and  non-hydrated  as  a  mixture,  or  compoiuid  of  oxide  and  chloride 
of  copper  (atacamite) ;  and  finally,  in  the  condition  of  various  oxysalts,  such 
as  carbonates  (azurite  and  malachite) ;  with  arsenic  acid  and  ^'ster,  phos- 
phoric acid  and  water,  sulphuric  acid  and  water,  chromic  acid,  and  chromate 
of  lead ;  and  lastly,  silicic  acid  and  water. 

The  sulphides  and  the  dinoxides  of  copper,  and  the  carbonates  of  copper. 
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ire,  faoiWTer.  of  chief  importance,  reg&rded  a^  nunenlogieml  eooroes  of  this 
Vahudtle  metaL  The  principal  Gopper-jieldrng  districts  are  CarawaU,  D^iron, 
■ad  the  t$U  of  Angleaca,  in  Britain  ;  Australia,  Chili,  NotlK  Am«nc&,  Cmbl^ 
Bsbmft,  Norway,  and  SwcKien.  Wales  ta  th«  gmtt  emporimn  of  <aopp<g'> 
■melting,  more  than  half  the  total  amount  of  mantdaclored  copper  in  the 
whole  world  beia^  produced  in  Wales.  The  copper  or«a  there  amelted  admit 
of  diTision  in  tlie  following  categories  :— 

1,  Copper  pyrites,  combined  with  iron  pyrites — the  yield  of  copper  btioff 
firom  3  to  I')  per  cent. 

n.  Similar  to  the  preooding,  hut  richer,  the  yield  af  ia«taLv«ijing  fron 
15  to  26  per  c^nt. 

in.  Copper  pyrites,  oompsratively  free  from  irtm  or  other  injnriouj  mil' 
taneit  and  mingled  mth  a  Tsriabla  amount  of  copper  oxide.  The  yield  of 
this  class  is  &om  12  to  20  per  cettt. 

IV.  Sulphurets  of  coppra'aod  oxides  of  copper,  nungLed  with  quartz,  yield- 
ing ^-om  2^  to  4a  per  c«nt. 

y.  Oret  almost  hoe  &om  copper  pyrites,  but  ridi  in  copper  oxide,  yielding 
from  no  to  80  per  cent,  of  metal.  Mtnerala  of  thia  rich  dass  iiriaeipally  oome 
trom  the  Chilian  minea. 

Chemical  Charneterittiet  of  Copper, 

Coppor  in  solaiion  will  cxi^t  as  a  salt  of  the  protoxide,  and  ia  eaaly  t«- 
COgtiixiible  by  chemical  testa. 

2.  A  piin;G  of  cloau  iron,  if  immersed  in  a  solution  of  this  Idnd.  become 
ipe^dily  coated  If  Uie  solution  be  not  too  dilute  with  mclallio  copper. 

II.  Atmooiiiii  developa  a  blue  colour— cither  a  precipitate  or  a  solntiont 
cmcoi^Uii^  to  tbo  amount  of  nmmonia  added. 

III.  Ilj'drosnlphnria  acid,  and  hydrosnlphatD  of  ammoaiAi  thxow  down  a 
thick  precipitate. 

IV.  Ferrocyamdii  of  potasshun  (prussiatc  of  potash)  yiddsacharacteristus 
brown  precipitate,  thus  distinguishing  coi>per  irom  every  other  metal  except 
titamum,  lUFVUiuiu,  and  molybdenum. 

QtMntUfitive  EUimadon  of  Coppfif  in  the  Moist  Way. 

Copper  is  oithcr  csiimated  {li)  m  the  metallic  state  llirown  down  by  aba- 
thcr  metjil,  [h)  in  tlia  condition  of  protoxide*  or  {c)  oxyBulphuret 

(u.j  To  precipitalo  copper  in  the  metallic  state ^  iron  is  immersed,  when 
ofler  11  time  tbo  copper  la  thro^'n  ^awu  i  it  should  now  h&  collected,  wa&hed^ 
dri^d,  and  weighed, 

{h.)  To  estimate  oopp^  aa  protoxide^  it  mnat  hare  been  preTioualj*  nsoer- 
tsllittd  Lliat  no  other  metal  is  in  solution;  caustic  potash  being  tlien  added, 
Afkdthe  whole  boiloJ,  iJie  o^de  b  then  thrown  down  in  the  aiUtydrou^  con- 
dittOH.  It  ia  now  collected,  thoroughly  washed,  ignited  in  contact  with 
atmoapberic  air,  and  weighed,  every  39 'J  parta  corresponding  Tvith  31-7  p«rtB 
of  oopper. 

(f,)  Tho  prcdpitation  of  eopper  in  the  atato  of  oxysulphnret  has  a  very 
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wide  application,  being  applicable  not  merely  to  solutions  which  contain  no 
other  metal,  but  to  solutions  in  which  any  metal,  save  iron  in  proto-state  of 
combination,  cobalt,  nickel,  mercury,  or  silver,  may  be  present.  The  process 
XB  conducted  in  the  following  manner : — ^Assimiing  an  acid  solution  to  have 
been  made,  an  excess  of  ammonia  is  added,  by  which  treatment  all  the  oxide 
of  copper  is  first  precipitated ;  and,  subsequently,  on  the  addition  of  inure 
ammonia  dissolved;  giving  rise  to  the  usual  characteristic  blue  solution, 
the  colour  of  which,  as  will  be  Been,  is  an  essential  point  in  conducting  tliia 
estimation.  Solutions  of  sulphuret  of  sodium  being  poured  into  this  liquor 
from  a  vessel  graduated  in  equal  divisions,  if  the  estimation  is  to  be  conducted 
Tolometrically,  or  from  q^e  the  weight  of  which,  together  with  its  contents, 
has  been  noted,  if  the  estimation  is  to  be  conducted  by  weighing, — oxysul- 
phuret  of  copper  is  at  once  precipitated.  By  taking  due  care,  the  point  may 
be  exactly  determined  at  which  the  exact  necessary  quantity  of  sulpliuret  of 
sodium  has  been  added ;  because  it  corresponds  with  the  total  disappearance 
of  the  blue  colour  originally  presented  by  thesolution.  The  amount  of  copper 
now  present  may  be  calculated  by  ascertaining  the  amount  of  sulphuret  of 
sodium  used.  This  point  must  have  been  previously  ascertained  for  any 
solution  of  sulphuret  of  sodium,  by  a  previous  experiment ;  that  is  to  say,  a 
known  quantity  of  copper  having  been  dissolved,  the  amotmt  of  solution 
necessary  to  its  conversion  into  oxysulphuret  should  be  learned  by  actual 
trial.  In  this  way,  a  test-solution  of  sulphuret  of  sodium,  of  tried  and  known 
strength,  may  be  retained  in  bulk,  and  will  be  found  very  useful  in  conducting 
mineralogical  investigations  on  copper. 

The  presence  of  no  other  metal,  save  those  indicated,  will  interfere  with 
the  action  of  the  above  precipitating  agent ;  because  the  alkaline  sulphuret 
does  not  begin  to  act  until  all  the  copper  has  been  precipitated ;  an  occurrence 
shown,  88  we  have  seen,  by  the  discoloration  of  the  original  solution. 
Silver,  as  we  have  already  indicated,  is  one  of  tlie  metals  which  prevents  the 
correct  action  of  sulphuret  of  sodium ;  but  if  a  littie  hydrochloric  acid  be 
added  to  the  original  solution,  any  silver  which  may  have  been  contained  in 
it  will  be  precipitated  in  the  state  of  chloride,  before  the  application  of  the 
copper  precipitant. 

Besides  the  foregoing  methods  of  copper  extraction,  which  are  most  gene- 
rally apphcable,  and  therefore  the  most  useful  to  be  remembered,  there  are 
many  others  eligible  in  certain  cases.  Thus  it  is  well  known  that  the  metals 
iron,  cobalt,  ni<^el,  zinc,  manganese,  titanium,  chromium,  and  uraniimi,  are 
not  precipitated  by  sulphuretted  hydrogen,  from  solutions  in  which  an  excess 
of  hydrochloric  acid  exists.  Copper,  however,  is  thrown  down  as  sulphide 
under  these  conditions ;  whence  arises  an  easy  means  of  effecting  its  isolation. 

When  copper  exists  in  nitric  acid  solution,  together  with  oadmiimi, bismuth, 
And  lead,  it  may  be  separated  by  carbonate  of  ammonia,  which  only  dissolves 
the  copper.  In  a  similar  maimer  may  copper  b^  separated  from  alumina  and 
the  Besqniozides,  of  iron  and  of  chrome ;  but  this  procedure  is  not  so  reliable 
M  precipitation  of  the  copper  by  hydrosulphuric  acid.  The  best  method  of 
effecting  the  separation  of  copper  from  lead,  however,  depends  on  the  fact  that 
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stjtphate  of  l««i  Li  a  vezy  xns.>lable.  aii>l  falpliate  of  copper  ft  soluble  body;  hence 
if  th*:  mix^d  mfrtals  be  dis.v/lveii  in  nitric  aci'i.  and  stdphnric  aad  be  sabse- 
<iu«ntly  a/Med  to  the  S'.rliition.  all  the  l«Ad  descends  in  combination  with  sol- 
phnric  acid,  as  salphate  of  lead.  Instead  of  separating  this  precipitate,  the 
wholo  mixtfire  sh^>ald  be  evaporated  to  drrnesd  nntil  no  more  free  snlphniic 
a/rid  remain.-).  The  residoe  b-in?  nov  m-iistened  br  nitric  acid,  all  the  copper 
will  }Hi  taken  up  in  the  condition  of  nitrace.  and  may  be  now  thrown  down  or 
otherwi.He  eritimated  by  one  of  tlie  pr.K:>>>3es  already  described.  All  the  lead 
vUl.  of  course,  remain  in  the  condition  of  aiilphate  of  lead. 

The  separation  of  copper  fr*im  tin  and  antimony  may  readily  be  effected 
by  taking  advanta^^e  of  the  circnmstanee  that  the  two  latter  metals,  instead  of 
\Miint;  di.ssolved  by  treatment  with  nitric  acid,  are  converted  into  compounds 
inyfiiliiMe  in  that  mcn-strunm  i  stannic  and  antimonic  acids').  ]b  the  case  of 
antimony,  however,  the  indications  are  not  so  precise,  antimonic  acid  being 
slightly  soluble  in  nitric  acid.  A  better  plan  of  separating  copper  from  anti- 
mony consbttH  in  acting  upon  a  solution  of  the  two  metals  in  nitromuiiatic 
a':id  by  ammonia,  and  then  pouring  in  an  excess  of  hydrosulphate  of  ammonia, 
which  dissolves  tlic  sulphide  of  antimony,  but  throws  down  the  sulphide  uf 
copper.  The  same  treatment  may  be  adopted  for  effecting  the  separation  of 
copx>cr  from  tin,  and  arsenic. 


JSitimathn  of  the  Presence  of  Cupper  qHalitaticely  hy  the  Blowpipe. 

Few  minurtil  !iubstnuco8  admit  of  recognition  with  greater  ease,  or  certainty, 
than  cojfpur,  under  blowiiipe  investigation.  This  facility  depends  on  the 
r«*(idy  change  of  copper  into  the  condition  of  red  oxide — the  oxide  which  has 
tliu  compusition  of  (Wi -1  of  copper  united  with  H  of  oxygen.  When  developed, 
tliis  oxidti  tinges  1)orax  witli  its  characteristic  colour. — whence  the  presence 
of  o<ip])cr  is  demon Btnited. 

The  prnctical  determination  of  copper  by  the  blo^\'pipe,  is  c<»nductcd  as 
fnllowH : — A  Iftop  l)(?iiig  made  at  the  extromity  of  a  piece  of  small  x)lantiuuiu  wire, 
in  inc)ist(-iit>(l  1>y  water  or  on  tlio  tongue,  and  dipped  into  some  powdered  borax, 
whnn  a  little  borax  will  be  tnkon  np.  The  borax  is  now  to  be  fused,  and 
whilst  yet  Hoft  in  to  be  dipped  uiU)  some  of  the  2>owdercd  mineral,  so  that  a 
]ittlf>  may  tidherc.  The  whole  is  now  to  be  fused  again,  nud  retained  in 
fuHioii  Homr  time  ;  for  the  purpose  of  evolving  sulphur,  arsenic,  or  any  other 
voliitiht  matter  ;  tlur  itreseiire  of  wliich  might  ])rejudioc  tlie  subsequent  ojier- 
iitionrt.  Tlu»  noxt]>oint  It)  be  licld  in  \'it'w,  is  the  reduction  of  any  copper  whidi 
limy  1>4>  proHi'Ut.  to  the  Htnte  of  red  oxide.  The  platinum  loop  and  its  contents 
hIiouM  tlnTi'foro  be  actisd  upon  hy  tht;  reducing  llame.  If  the  citai'acteristic 
riMhu'Hs  of  tht»  oxide  <d'  cttppcr  be  dovtilopod,  nothing  more  remains  to  be 
doiit';  but  if  it  be  not.  the  iiid  of  kouio  deoxidizing  material  must  be  souf^t. 
A  v*'ry  H«iiill  parli4'U'  of  tin  is  usually  employed  for  tliis  purpose :  if  any  copper 
bi>  present,  the  rombiuid  agency  of  the  tiu  and  the  reduohig  Home  immediately 
I    bringH  tlie  iiietnl  to  the  condition  of  rod  oxide. 
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Furnac0  Estimation  of  Copper  on  the  Small  Scale — The  Copper  Assay. 

Before  an  assay  of  copper  ore  can  be  satisfactorilj  performed,  the  operator 
moBt  determine  the  nature  of  the  materials  associated  \nth.  the  copjier.  For 
practical  purposes,  copper  ores  arrange  themselves  in  three  classes : — 

I.  Ores  devoid  of  any  other  metal  (calcigenous  metal)  save  iron. 

U.  Ores  containing,  besides  iron,  sulphur  and  selenium,  or  both ;  but  no 
anenic. 

III.  Ores  containing  sulphur  and  selenium,  or  both ;  together  with  arsenic, 
iron,  and  other  metals. 

Diserimination  of  the  presence  of  SuJphur  and  Selenium. 

To  effect  this  discrimination,  a  small  fragment  of  the  ore  may  be  heated 
either  in  the  spirit-lamp  flame,  or  the 
oxidating  blowpipe  flame,  supported 
in  either  case  on  an  iron  ^ire.  If 
sulphur  be  present,  sulphurous  acid 
will  be  generated ;  recognizable,  most 
likely,  by  its  pccuUar  odour  of  a 
burning  brimstone  match ;  bcleninm 
will  be  indicated  by  the  odour  of 
horseradish.  The  latter  constituent 
is,  however,  very  rare. 

Instead  of  heating  the  fragment 
of  ore  as  described,  more  powerful 
indications  of  odorous  matter  will 
sometimes  result  from  heating  it  in  a  Figr.  ^. 

glass  tube,  open  at  both  ends,  and  held  over  a  spirit-lamp  flame,  as  rc' 
presented  in  Fig.  20. 


V> 


Discrimination  of  the  presence  of  Arsenic. 

The  peculiar  alliaceous  smell  developed  when  ammeral  containing  arsenic 
is  heated  in  contact  with  deoxidizing  matter — such,  for  example,  as  char- 
coal— we  have  already  (page  02)  pointed  out.  Nevertlieless,  Uiis  test  of  the 
presence  of  arsenic  is  not  always  satisfactory,  on  account  of  tlic  coincident 
generation  of  sulplmrous  acid ;  the  strong  odour  of  which  masks  and  conceals 
the  odour  of  the  former. 

An  ingenious,  and  at  the  same  time  a  very  easy  method  of  discovering  the 
presence  of  arsenic,  consists  iu  tlic  application  of  what  is  called  Marsh's  test, 
the  iudiratioiiH  of  which  depend  on  the  formation  and  tlie  subsequent  combus- 
tion of  arseniurettcd  hydrogen  gas.  Many  diflerent  forms  of  apparatus  have 
been  devised  for  the  performance  of  this  expenment.  The  following  has  the 
advantage  of  groat  simplicity,  and,  if  properly  managed,  amply  serves  every 
nsefiil  purpose  to  the  extent  of  mincralogical  requisition : — 

Having  procured  a  five  or  six-oimce  bottle,  attach  to  its  mouth  a  perfo- 
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ntod  cork,  with  a  piece  of  (ob«ooo-pipe  stem  attached  to  Ifae  peiHorfttiosi,  u 
repnesented  in  the  accompukjing  ^Agrsio  (Fig.  il). 

First  poor  into  the  h^ttle  a  mixtnre  of  stUphnrifi  uad  and  irktor,  in  tlu 
proportimte  ratio  of  one  t^  ^x.     Then  tluvw  iii  r  teaspoonful  of  tb«  sutezia] 

to  be  acted  on.  prci^oiislj  reduoed  to 
powder ;  and  a^tAte.  Next  add  eome  &ag- 
mettts  oF  zinc ;  aad  noir  thra&ting  the  per 
foruted  cork  into  the  mouth  of  the  bottle, 
let  the  appaifttiis  stand  tmtiJ  the  oper&tor 
feels  BSKctred  that  the  developed  gas  has 
expelled  all  the  atmoepberic  air  onginnlly 
contained  in  the  hottlo.  Were  thia  adiQo- 
nitioa  not  attended  to,  there  would  resnli 
an  explosion — one,  however,  not  dangerous. 
The  operator  next  applies  flame  to  the 
issuing  gases,  oitd  holds  a  piece  of  white 
esj^enware  (a  plate  or  saucer)  in  the  hura 
ing  jet*  If  areeiiic  be  present  in  the  ore.  a 
hlack  circnlar  stain  will  be  produced  on 
th^  eaut^ei*  or  plate.  Tliia  bt  an  exceedingly  delicate  test — far  more  delicate 
thiLti  the  metuliur^d^t  req^uiroB;  it  mnj  even,  if  not  controlled,  lead  to  &I^ 
C'jiiclasjons,  o^rin^  1o  minute  traces  of  arsenic  sometimes  present  in  the  metaJ 
zinc.  All  error,  however,  from  that  Boorce  may  he  avoided  by  preTioa&lj^ 
escamiimig  tho  ?.infi  l»y  a  eeparate  expc-rinient ;  every  part  of  the  instmetions 
given  htaag  fuHowcd  except  the  addition  of  powdered  ore  to  the  other  ma 
teriala. 

AiMttif  <if  CnpptT  MintvaU  o/  Oit  Firtt  Giois. 

A  portion  of  tlic  ore  having  hcen  reduced  to  powder  is  iatimately  mixed 
with  about  three  or  three  ELiid  a  half  times  its  weight  of  Mock  flux,  and  re- 
moved li)to  a  crucible  about  half  full.  Hie  cnieiblc  thna  charged  is  next 
pxposed  {open)  to  fiimace-heat  until  the  whole  contents  have  been  melted, 
and  the  fluid  bocnme.'i  tranquil,  Tbe  cnicible  ia  now  exposed  for  abotit 
fifteen  raiiintcs  to  the  hifT;be8t  power  of  fui'UHcc  beat.  Finally  tlie  crucible  li 
witlidi-aivn,  gently  tapped  on  a  hard  surface  to  promote  aggregation  of  the 
rcduoud  coppt^r  into  one  mass ;  tlie  latter  allowed  to  cool,  withdrawn  itom.  the 
crucibIo»  and  weighed. 

Thill  prnct^bs  b  not  very  satisfactory  for  ores  which  cont^n  less  than 
10  per  cent,  of  oopper.  Tbe  best  method  of  treating  pure  copper  ores  is  to 
subject  tliein  to  a  preliminiLry  fusion  T^-ith  sulphur,  and  bring  them  into  the 
category  of  Lho  second  class,  iio:v  to  be  described. 

At^ajf  of  Copper  Min^rttis  o/ihg  Sfcond  Chst. 

The  first  operation  in  tlie  assay  ia  roasting,  bj*  wliich  means  a  portion  of 
tbe  sulphur  is  driven  off  in  the  condition  of  sulphnrouH  acid ;  whilst  another 
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portion  of  the  sulphur  being  converted  into  sulphuric  acid,  sulphate  of  oxide 
of  copper  is  generated ;  finally  the  latter  is  decomposed,  and  oxide  of  copper 
remains,  which  readily  yields  up  its  oxygen  when  heated  in  the  presence  of 
black  flux,  and  evolves  metallic  copper. 

The  roasting  operation  is  conducted  in  an  open  crucible  in  tlie  following 
way : — Xhe  ore,  reduced  to  powder,  is  deposited  in  tlie  crucible,  and  the  latter 
placed  in  a  slanting  position  amidst  the  coko  of  an  air-furnace,  tlio  draught 
of  which  has  been  brought  by  damping  to  a  very  low  degree — for  it  is  essen- 
tial that  Ute  copper  sulphuret  be  not  fused  at  this  early  stage  of  the  operation. 
Of  course  the  roasting  operation,  involving,  as  it  does,  free  contact  mth 
atmospheric  air,  must  be  conducted  in  au  uncovered  crucible ;  and  the  operator, 
by  smelling  through  an  iron  or  earthenware  lube,  the  lower  extremity  of  wluch 
is  held  over  the  crucible  mouth,  sliould  assure  himself  from  time  to  time  as  to 
the  progress  of  sulphurous- acid  evolution.  Meauwliile  tlie  crucible  contents 
are  to  be  stirred  from  time  to  time  witli  an  iron  rod,  in  order  to  bring  about 
atmospheric  contact  with  every  portion  of  the  ore.  AVhcn  the  smell  of  sul- 
phurous acid  is  insignificant,  tiie  crucible,  &oin  dull  redness,  should  be  heated 
to  bright  redness,  and  the  heat  continued  imtil  stdphurous  acid  is  no  longer 
expelled.  Finally,  the  crucible  is  to  be  heated  to  full  whiteness  for  not  less 
than  ten  minutes,  afterwards  removed  from  tiio  furnace,  and  its  contents 
permitted  to  cool. 

The  smelting  operation,  properly  so  called,  now  begins;  it  consists 
in  mixing  the  roasted  ore  with  four  times  its  weight  of  black  flux,  imder 
neath  a  layer  of  borax,  and  heating  in  a  furnace  for  about  half  an  hour  to 
the  fiuion-point  of  copper.  Finally,  the  cniciblo  is  to  be  removed  and 
gently  tapped  to  promote  metallic  cohesion  ;  tiicn  eitlier  the  copx>er  may  be 
dexterously  transferred  at  once  to  on  ingot  mould,  or  obtained  by  breaking 
the  crucible  whcu  cold. 

Attaff  of  Copper  M'werttU  of  the  Third  Chtu. 

The  assay  operation  for  tliese  ores  is  essentially  the  same  as  tlie  last, 
only  the  process  of  roasting  is  more  difficult,  because  Uie  ore  is  more  fusible. 
The  temperature,  tliereforc,  at  which  tiie  roafiting  is  first  commenced  should 
be  gentic,  and  only  increased  to  full  redness  after  tiie  cliief  portion  of  arsenic 
and  Bulphiu*  has  been  evolved.  Evolution  of  tlie  arsenic  may  be  greatly  pro- 
moted by  adding  to  tiie  powdered  mineral  a  little  powdered  charcoal  from 
time  to  time,  and  stining  the  whole  well  together.  When  the  operation  of 
roasting  is  deemed  com2)lete,  the  smelting  part  of  tiie  operation  proper  is 
accomplished  precisely  as  directed  for  minerals  of  tiie  second  class :  however, 
the  resulting  button  of  copper  will  always  bo  contaminated  to  such  an  extent, 
that  a  subsequent  process  of  refining  will  be  necessary.  This  refimng  oper- 
ation is  identical  with  cupellation,  properly  so  calletl,  and  is  conducted  in  the 
following  manner ; — 

The  bead  of  copper  being  placed  on  a  Httie  cup  or  vessel  of  porous  bone- 
onrth,  some  pure  lead  is  a<ldcd,  and  tiic  whole  exposed  to  a  current  of  highly 
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The  lc«d  now  onidiiei — fiocns  KtfasigK.  whkfa  kas  thm  gnotmtr  nf 

w liiwohing  olber  artilfic  dxid«>,  and 

fonning  ngUaBarflhg,wiucii  smfa  inlo 
tiu»  pore*  of  the  ciqkcL  In  Ui«  pzt«eDi 
case.  Uie  nwUl  wfaoae  renkotml  ia  umed 
ftt  IB  mnenie.  As  reg&nis  th«  conth- 
copellatJDik  (iit  tJiis 
refiimig),  the  i>penLt*)r 
Tttpan*  u  cnpel — ustiBlly   boniA-inft'te, 

by  nteuu  of  powdered  bcme-«ftrtli»  aiid  a  cupel  motilil ;  Also  a  Utile  iterfural^^J 

oven,  tecliuicallj   eftfi«d  a  mvjU,  Had  tt- 

pr««£Aited  in  the    ftOcoiiipaDriiig  divgram^ 

(Figs.  2-2  afld  25), 

Great  practice  is  required  in  peiformbi;* 

nipellBtion  with  ndrantapi?.  e^-en  where  goW 

ftiid  ■ilver  ar^j  cancenied :  still  more  caare  in 

requisite    in  conductiiig    the  opentioii  's 

copper  refitting. 

Wheu  Iho  principles  on  wl\Jch  the  cnpell^ 

ing  npemtionft  eire  based  are  well  consHiereil, 

it  will  be  evident  tbnia  metal  Huniewhat easy 

of  oxydfttion  lite  c*jpper  must  incur  ftppre- 

riiiblc  Wa  when  Bubjected  to  cupelling :  and 

thjut  FiltlKingb  arsenic  nnd  ihe  other  impuri 

tie«  mirj^rUMl  T^itli  copper  ores  of  Oie  third 

eloM  be  the  «tibsUiinos  which  eliicfly  diwap- 

peATdnrinj?  tbe  pmrou^  of  refininjr  byctipel- 

bititin.  Htill  tlie  loss  of  oopptir  will  be  far  t**o 

cuuNitkrulde  to  be  neglected.    It  is,  ihereforo, 

well  to  check  thi«  loss  by  a.  second  cupelling 

opemtion,  performed  on  n  bead  ofpure  topper 

wtpiul  in  weight  to  that  of  the  impure  copper  ; 

to  rfl'cct  the  pui-ification  of  which,  the  re- 
fining operation  ia  applied. 

Tla. — This  metAl  exists  in  bnt  few  localities,  but  in  tliese  il  is  somewbal 

iilmndunt,     The  chit-f  tin  localities  are  Cornwall  i\nd  Devon  ;  the  Enat  riulit^, 

Sikxuny,  and  Bohemia.      SUnniferoua  eiiiid  is  fnund  in  Brittany;    but  tJie 

amount  in  ttjo  stanll  to   pny  for  esiiftcliiiu.      Tlie    principal   ore    of  tin  i^ 

the  binoxide,  bnt  the  metal  also  occura  in  combination  with  sulphur  iird 

arjienio. 

CTifuthat  Chnractrristtet  of  Tin. 

Pe^lm]^a  tbo  nv^Rt  fttrikinp;  chnracteriHtic  of  tin  wlien  operated  on  Vjr  tiM 
moirtt  iinvrrfts.  is  its  iiisohiliility  in  nitric  at-id;  which  body  at  once  oxidixM 
it.  mill  brlii^^s  it  to  tlio  condition  of  Btanuk-  aoid.  Nihic  add  giToa  riiw^  to  a 
pftrallol  rt'HiiIt  wlmn  rauaod  to  act  npuu  nntimony.     Hence  neither  tin  nor 
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antimony  admit  of  solution  in  nitric  acid ;  and  founded  on  tliis  circumstance 
arises  an  easy  means  of  separating  them  from  many  other  metals. 

Tin  solutions  may  occur  in  t^'o  different  states, — ^namely,  as  proto  or  per- 
combinations.  The  former  correspond  with  the  protoxide ;  they  are  repre- 
sented by  the  protochloiide  of  tin,  and  solutions  holding  the  protoxide.  The 
minendogist  has  seldom  the  necessity  to  concern  himself  with  the  minute 
characteristics  of  these  solutions.  Having  once  determined  the  presence  of 
tin, — which  the  blowpipe  operation,  combined  with  the  relation  of  tin  to  nitric 
acid,  will  generally  accomplish, — his  next  concern  is  to  estimate  its  amoimt ; 
to  this  end,  he  changes  the  tin  into  insoluble  stannic  acid,  washes,  ignites, 
weighs,  and  calculates  tlte  amount  of  tin.  Every  7&  parts  of  stannic  acid  (per- 
oxide) correspond  with  !)0  of  tin. 

Usually  the  stannic  acid  from  which  the  quantity  of  tin  is  deduced,  is 
obtained  by  decomposing  sulpliide  of  tin  by  treatment  with  nitric  acid,  as  will 
be  now  explained.  When  it  is  intended  to  throw  down  tin  as  a  sulphide 
£rom  a  solution,  a  proto-solution  of  tin  must  be  employed,  such  as  will  result 
from  the  solution  of  tin  in  hydrochloric  acid,  the  operation  being  performed 
in  a  flask  so  as  to  prevent  unnecessary  contact  with  atmospheric  air  ;  other- 
wise the  solution  might  be  partially  brought  to  Uie  state  of  per-combiuation. 
The  solution,  moreover,  should  hold  a  considerable  excess  of  hydrochloric 
acid.  A  current  of  hydrosulphuric  acid  gas  is  now  to  be  transmitted  imtil 
the  liquid  will  absorb  no  more.  The  operation  should  be  performed  in  a  ilask ; 
and  when  the  transmission  of  gas  is  complete,  the  flask,  being  closed,  should 
be  removed  to  and  allowed  to  remain  in  a  warm  place  (about  140^  F.)  for 
some  hoars.  Meantime,  the  sulphide  will  fall,  and  may  afterwards  be  col- 
lected in  a  filter,  and  carefully  washed.  The  sulphide  of  tin  is  next  to  be 
oonyerted  into  stannic  acid  or  binoxidc  of  tin,  by  pouring  warm  nitric  acid 
over  it.  If  traces  of  any  other  metal  should  have  been  thrown  down  by  the 
hydrosulphuric  acid  simultaneously  with  the  tin,  these  traces,  all  except 
antimony,  will  be  dissolved  by  the  nitric  acid.  The  stannic  acid  produced 
is  to  be  washed,  heated,  weighed,  and  the  amount  of  tin  present  deduced 
from  its  composition. 

Eiiimation  of  the  pretence  of  Tin  quaUtatively  by  the  Blmcpipe. 

The  tin  mineral  nnder  examination  may  either  be  in  the  condition  of 
peroxide,  or  sulphuret  (tin  pyrites)  respectively,  alone  or  mixed  with  other 
bodies.  If  tin  pyrites  be  heated  in  the  oxidating  flame  on  a  piece  of  char- 
coal, the  presence  of  sulphur  is  indicated  by  the  evolution  of  sulphurous  acid : 
the  further  reactions  are  due  to  the  peroxide  of  tin  generated.  Peroxide  of  tin 
becomes  higlily  incandescent  when  subjected  to  the  oxidating  flame,  but  in 
other  respects  it  remains  unchanged :  when  removed  to  the  reducing  flame,  it 
loses  its  oxygen  and  leaves  metallic  tin. 

Peroxide  of  tin  and  borax  exposed  to  tiie  oxidating  flame,  yield  a  white 
opaque  glass  if  the  borax  be  saturated  with  oxide  ;  if  otherwise,  the  glass  will 
be  transparent.  The  fact  may  here  be  remember«}d  as  serving  to  iix  on  the 
recollection  a  blowpipe  indication  of  tin,  that  the  opaque  white  glass  of 
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commerce  obtains  the  qualitr  of  opacity,  either  txom  oxide  of  antimony,  or  of 
tin. 

Furnace  Estimation  of  Tin  on  the  Small  Scale — The  Tin  A$$enf. 

Notwithstanding  that  the  oxide  of  tin  is  completely  reduced  by  contact 
with  charcoal  at  a  red  heat,  the  highest  heat  capable  of  being  yielded  by  a 
wind  furnace  is  ncccssar}*  in  order  to  conduct  the  chemical  assay ;  and  even 
then  the  process  of  reduction  is  unsatisfactory,  except  the  oxide  of  tin,  con- 
tained in  tin  ore,  hare  been  previously  freed  from  much  of  the  silicious  and 
otlicr  associated  matter,  whercnith  it  is  naturally  mixed  or  in  combination. 
lliis  may  be  effected  by  f^eiicics  partly  chemical,  partly  mechanical,  as  the 
fulloning  statement  ndll  cxpluiu. 

Preliminary  Operations, 

The  tin  ore  ha^-ing  been  carefully  pulverized,  is  mixed  nith  a  little 
powdered  charcoal ;  aftcm*ards  the  mixture  is  roasted;  by  which  treatment 
much  or  all  of  the  iron  pyrites  in  combination  with  it  will  be  decompoeed, 
and  tliti  fixed  residue  will  be  rendered  specifically  ligliter  than  the  oxide  of 
tin  to  such  on  extent,  that  on  shaking  the  whole  together  «ith  water,  the 
former  may  be  separated  in  great  measiire  by  decantation;  leaving  the  real 
oxidu  in  a  com]>etent  state  of  concent  itition  for  the  real  smelting  process  to 
be  applied  -with,  advantage.  If,  however,  the  silicious  gangue  associated  nith 
tlic  oro  be  inconsiderable,  and  iron  pyrites  be  the  chief  associated  body,  a 
moist  prcliumiary  treatment  may  be  advantageously  applied.  The  powdered 
ore  being  foiled  ^\ith  nitro  muriatic  acid,  holding  nitric  acid  in  excess,  the 
pyrites  will  be  decomposed  and  dissolved,  whilst  the  oxide  of  tin  present 
remains  untouched.  The  lattir  may  then  be  collected  on  a  filter,  and  sub- 
jected to  tlie  smelting  operation,  after  preliminary  calcination,  to  effect  the 
evolution  of  any  traces  of  sulphur  which  the  process  of  solution  may  have 
caused  to  be  present. 

The  Assay  Proper. 

Tlic  high  tcmpex*atm-o  required  for  the  reduction  of  natiye  tin  oxide  has 
already  been  mentioned.  The  operation  sliould  alvi-ays  be  conducted  in  a 
cliarcoal-lincd  crucible,  and  tlic  ore  sliould  be  mixed  with  about  half  its  weight 
of  a  iluxt  composed  of  carbonate  of  soda  and  borax  in  equal  portions,  or  else 
a  fiux  composed  of  throe  ports  of  carbonate  of  soda  to  one  of  lime. 

EIno. — Since  the  discovery  was  made  tliat  zinc  at  a  certain  temperatote 
can  be  rolled  into  sliccts,  it  has  been  applied  to  a  variety  of  uses,  more  espe- 
cially tliose  for  which  tin  plates  had  been  hitlicrto  employed.  The  only 
minerals  from  wliich  zinc  can  be  extracted  remuneratively  are  calamine 
(carbonate  of  zinc)  and  sulphide  of  zinc  (zinc  blende) :  the  former  is  of  greater 
impartiiuco.  The  principal  locaUtics  wherein  calamine  is  found  are  Tax^ 
nowitz  in  Silesia,  tlic  mines  of  Vieiile,  and  Kouvello  Montaigne  near  Aix-la- 
Clinpollo.  Enghmd  yields  a  limited  quantity,  but  our  mineral  stores  of 
bltMidc  arc  coiisidemblc. 
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Chemic(U  Charact^rittici  of  Zinc, 

The  most  striking  chemical  characteristic  of  zinc  treated  by  the  moist 
process  is  the  white  sulphide  it  yields  when  thrown  down  by  hydrosulphuric 
acid,  being  the  only  calcigenous  metal  which  has  this  property.  Manganese 
yields  no  precipitate  with  hydrosulphuric  add ;  though  with  hydrosulphate 
of  ammonia  the  precipitate  it  gives  is  alnuut  white.  Zinc  is  precipitated  white 
both  by  hydrosulphuric  acid  and  hydrosulphate  of  ammonia. 

Zinc  is  usually  subjected  to  quantitative  estimation  by  the  moist  process 
by  throwing  it  down  as  carbonate ;  changing  the  carbonate  to  zinc  oxide 
(there  is  but  one  oxide  of  zinc),  and  calculating  from  the  latter  the  actual 
amount  of  zinc  present. 

Occasionally,  instead  of  precipitating  zinc  as  carbonate  at  once,  it  is 
thrown  down  by  hydrosulphuric  acid,  or  hydrosulphate  of  ammouia,  as  sul- 
phide of  zinc,  the  latter  dissolved  in  hydrochloric  acid ;  to  which  solution 
carbonate  of  soda  being  added,  the  zinc  is  now  thrown  down  in  the  form  of 
cftibonate. 

Eitimatian  of  the  presence  of  Zinc  qualitatively  by  the  Bhtcpipe. 

If  a  thin  piece  of  metallic  zinc  be  held  in  the  flame  of  a  candle  or  a  spirit- 
Uunp,  it  bums  and  is  converted  into  a  white  flocculcnt  oxide,  to  which  the 
<dder  chemists  applied  the  term  "  Zanaj^At^oxopAica,"  or  philosoplier's  wool. 
Indications  of  this  sort  of  change  are  afforded  under  blowpipe  treatment,  and 
are  amongst  the  most  valuable  signs  that  instrument  is  capable  of  giving  as 
regards  the  presence  of  zinc. 

A  fragment  of  zinc  mineral,  if  heated  on  a  piece  of  charcoal  in  tlie  oxidat- 
ing part  of  the  blowpipe-flame,  fuses  into  a  bead,  which  appears  yellow  when 
hot,  becoming  more  or  less  white  in  cooling.  Changing  the  position  of  the 
assay  by  removal  to  the  reducing-flame,  the  zinc  is  first  brought  to  the  me- 
tallic state,  which  immediately  oxidizing,  the  oxide  bums  and  is  deposited 
over  the  charcoal  in  small  flakes,  constituting  a  deposition  of  the  "  lana  pkilo- 
jopAtca"  already  adverted  to. 

Furnace  Estimation  of  Zinc  on  the  Small  Scale — The  Zinc  Assay. 

The  igneous  metallurgy  of  the  metal  zinc  on  the  large  scale  is  no  less  easy, 
than  the  same  on  the  small  scale  (assaying)  is  difficult  and  imsatisfactory. 
The  facility  in  the  former  and  the  difficulty  in  the  latter  case,  are  deter- 
mined by  the  solubility  of  zinc,  which  prevents  its  being  drained  like  other 
metals  in  ihe  condition  of  a  button.  It  must  either  be  distilled  or  collected, 
and  its  amount  estimated ;  or  the  quantity  of  zinc  present  |n  an  ore  must  be 
thrown  off  by  violent  heat,  without  subsequent  condensation,  and  tiic  quantity 
present  estimated  by  the  loss  experienced.  To  Berthier  we  are  especially 
indebted  fox  the  best  information  we  possess  concerning  the  igneous  estima- 
tion of  xinc  on  the  small  scale.  His  division  of  the  subject  is  that  conse- 
quently which  we  shall  adopt  in  our  outline  of  the  subject. 


AiXTin  or  TTs. 


h-.r,t.>:f  ■;.- :  iK'.  4.1  Z12.':  *.r-.t  ..-Jta?.l*  ■.£  bcU;^  d<ttlt  with,  bv  the  process 
of  li7i*'/';=!  a-tAv.  tIi^.  f ..ir  ■•Ia.-:.^^  : — 

I.   '/At.^  'jr»:^  •^/riiAir.ir.j-'Ti'lr  of  zinc  nxioMiibiced  "with  silicic  acid. 

i.  'J  ri---.«  conVtinir-L'  -.xid-:  vf  zinc  {raniftllj  cr  whoUr  combined  with 
wli  :'■  aHfl. 

■!    'Hk/^  in  ^-hi':]i  the  m^tal  u  7h>/I}v  or  partzallr  ci^inbined  with  snlphnr. 

•1.  CorrjMriftti'jTj.H  of  zinc  with  other  metals  izino  alloTS'. 

'  I  Thi:  T'Awti'jn  f*i  otkh  of  the  fir^t  class  is  veir  easv :  the  oeIt  prac- 
ti'tai  iVifhrttxliy  c'lrini^tH  in  coUe^rtinji  and  e.stimatinj!  the  mvtal  evolved.  Inas* 
mur:h  an  'ixidf;  of  ziiic  readily  ItrHr^  its  -jxy^en  when  heated  in  contact  with 
r]r;o?ciHi/iri^'  >kkI]*'H  icoftl.  fr>^ke.  chariroal.  hydr*><:en.  carbonic  oxide,  or  car- 
hiir«:tt/r'l  hyilr'i/*-Ti-.  :ill  tliat  has  to  be  done  consists  in  so  azranginj!  the 
a[ipftrMtiiH  thut  \\i»:  oxide  of  zinc  may  come  intj  contact  with  either  of  the 
yrvjcAwtf!  &t  a  :-iiitHbl(!  temperature:  rvd  heat  is  sufficient  for  the  mere 
arfr<iTnplirihm"rit  of  n:iliirtiun.  but  full  white  heat  is  necessarr  to  effect  the 
Hiibv|)i';nt  diritillation  or  evolution  of  the  vaporous  zinc,  llie  best  appa- 
ratitH  for  r;ori(lnf:tiii^  the  ojierutiun  is  an  earthenware  retort,  made  of  highly 
refrHf:tory  mat'iriaU,  and  having  a  long  neck  ;  or,  what  is  still  better,  a  clay 
rvst'irt  thft  neok  of  whit^li  is  sliort. — the  tubular  length  necessary  to  promote 
jK!rf<;rt  con(h;iisutiori  hcin^r  given  by  luting  in  a  porcelain  tube.  Nothing  can 
\>*i  more  Hintide  iu  theory  than  the  proc.'ss  here  described ;  it  is,  nevertheless^ 
attf;iirlnd  witji  purti«:ulnr  rlinicultios,  the  nature  uf  which  vfill  be  obvious,  when 
th«y  uri!  onr;(;  stiiU-d.  ^'iI•^tly.  it  is  not  an  easy  matter  to  evolve  every  trace 
of  zinr:  in  the  viiporrius  furni :  hence  an  error  proportionate  with  the  amount 
reiniLining  will  1h;  thn  '-onsfquoncu  : — sc<'ondly,  tlic  vaporous  zinc  which  it  is 
till!  ohjcr.t  of  the  uKSHyi.'r  to  roniltinsc  in  the  metallic  fonn,  is  partially  con- 
vrrtfd  into  oxidi; ;—  and  lastly,  the  crust  of  zinc  deposited  on  the  latter  can* 
not  iilwayH  \n:  riiiidily  dotuched  :  much  of  tlie  latter  difficulty  may  be,  never- 
InHH,  ohvhiti;d,  by  Kinciiriikg  the  interior  of  the  tube  witli  plumbago,  so  as  to 
iinpfirt  H  hi<{hly  pnliKluMl  Hurfucc.  btill.  despite  all  precautious,  a  variable 
proportion  of  zinc  will  remain  so  distinctly  attached  to  tlic  tube,  that  all  endea- 
vours to  eiroft  its  riiinnval  by  mcchaiiicul  force  will  bo  fruitless.  It  must, 
tlHtn'forc,  b(t  rlisHolved  hy  nitric  acid,  which  will  ^venerate  nitrate  of  oxide  of 
zinr,  which  being  cvHpnratcd  to  dryness  and  culeinod,  anhydrous  oxide  of 
/inn  will  lin  tht>  reKult:  four-fifths  of  wliicli  by  weight  will  be  equivalent  to 
thn  anmnnl-  of  ntetiillic  zinc  represented  b}'  the  oxide  ;  and  if  added  to  the 
figuro  representing  the  amoiuit  of  metallic  zinc  attached,  the  whole  quantity 
t>f  thnt  metal  distilled  ov4>r  will  be  indicated. 

Innsniui'h  as  i\w.  preceding  openition  necessitates  the  employment  of  a 
retort  (a  vory  inconvenient  form  of  instrument),  some  operators  prefix  a 
cmcihle,  taking  no  heed  of  preson-ing  by  condensation  the  zinc  which 
cHeiipcH,  hut  meri'ly  raising  the  funince  tempomturc  to  such  a  grade  that  all 
the  zinc  nIiuU  be  erolvi'd  and  dissipate^l  in  the  furnace. 

For  this  openit-inn  a  ehnrt*oiil  lined  crucible  is  required,  precisely  giTn^ar 
tt>  that  tiln'iuly  tlescrihiMl  iih  being  employed  in  performing  the  iron  assay; 
and  the  heiit  is  pushed  almost  to  the  highest  degree  callable  of  being  yielded 
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by  a  powerful  air-funiace.  Tlie  best  ilux  to  be  employed  in  conducting  this 
operation  is  a  mixture  of  black  flux  and  borax.  Supposing  this  operation  to 
have  been  performed,  the  fixed  materials  remaining  in  the  crucible  will  be  a 
mixture  of  slag  and  reduced  fixed  metal,  iron — always  present  in  zinc  ore. 
Now  the  iron  was  originally  present  in  the  form  of  oxide  of  iron ;  therefore 
oxygen  will  have  been  evolTed  in  the  state  of  carbonic  oxide  or  carbonic  acid. 

The  operator  now  proceeds  to  get  the  iron  out  of  the  slag,  which  he 
accomplishes  by  pounding  the  mass,  and  abstracting  the  iron  by  a  bar- 
magnet  Of  course  the  non-attracted  portion  of  the  fixed  matter  is  the 
amount  of  slag ;  and  representing  the  quantity  of  oxide  of  zinc  originally 
present  by  Z,  the  weight  of  iron,  of  slag,  of  oxide  of  zinc  (Z),  and  oxygen 
of  the  oxide  of  iron,  added  togetlier,  ^^-ill  give  the  original  weight  of  the  ore. 
In  point  of  fi&ct,  these  data  gire  all  the  information  the  assayer  requires,  by 
th«  operation  of  obvious  algebraical  equation  formula,  the  elements  of  which 
hare  been  summarized  by  Berthier  as  follows : — 

Assume  that 

"W  =1  crude  ore  ^  calcined  ditto  ^  to 
t  =  fixed  fluxea  added  .    .    .  z=zt 


;:  «/«n :  0 1  ^"•^''  "^""-^ " + '  -■^-  •  - ' 

Flux  added,  t 
Earthy  matters,  $  —  /. 

(2).  Silicic  acid,  obviously,  is  not  affected  by  carbon  alone :  hence  ores  of 
line,  combined  with  silicic  acid,  require  to  be  treated  by  a  mixture  of  carbon 
and  a  flux.  Lime  or  magnesia,  with  or  without  borax,  may  be  conveniently 
employed  for  this  purpose ;  otherwise  the  steps  of  tlie  smelting  operation  are 
precisely  similar  to  those  already  indicated  as  adopted  for  minerals  of  the 
first  class. 

(3).  Zinc  ores  of  this  class — i.e.  ores  which  contain  sulphur — require  to 
be  sutjected  to  a  preliminary  operation  of  roasting,  for  the  purpose  of  con- 
Terting  the  sulphur  into  sulphurous  acid,  before  the  final  operation  of  distil- 
lation or  of  vaporous  dissipation  from  a  charcoal-lined  crucible  can  be 
efficiently  applied ;  otherwise,  the  remaining  steps  of  the  smelting  operation 
are  precisely  as  before  indicated. 

The  difficulties  and  imperfections  attendant  upon  the  correct  esti- 
mation of  zinc  as  an  ore  by  either  of  the  processes  of  dry  assay,  should 
determine  the  operator  to  have  recourse,  whenever  practicable,  to  some 
Tariety  of  the  moist  process.  In  addition  to  the  chemical  means  of  zinc 
already  described,  we  may  here  mention  that  the  non-metallic  constituents 
of  carbonate  of  zino  (calamine)  and  sulphide  of  zinc  (zinc  blende)  may 
be  readily  determined  by  any  chemical  operation.  The  non-metallic  con- 
atitnents  of  the  former,  the  proportions  of  which  it  is  desired  to  estimate,  are 
water  and  carbonic  acid.  The  quantity  of  water  may  be  determined  by 
•troDgly  heating  some  powdered  calamine  in  a  glass  tube,  connected  with 
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imotlier  tube  holding  fused  chloride  of  calcium.  All  the  water  evolved  miut 
pass  through  tlie  latter,  which  will  absorb  it,  and  derive  a  proportumate  in- 
crease of  weight ;  hj  weighing  the  chloride  of  calcium  tube  and  its  coDtenta 
before  and  after  the  operation,  it  is  evident  the  quantity  of  water  evolved 
will  be  determined.  The  total  amount  of  carbonic  acid  and  water  contained 
in  any  specimen  of  calcium  can  be  determined  by  strongly  heating  a  portion 
of  the  ore  in  a  platinum  crucible,  when  both  water  and  carbonic  acid  will  be 
driven  off.  Finalh',  tlie  amount  of  silicic  acid  may  be  detenuined  with  suffi- 
cient practical  accuracy  by  treating  a  portion  of  the  powdered  ore  with 
hydrochloric  acid,  and  regarding  the  i>ortion  remaining  undissolved  as  silicic 
acid ;  and  ammonia  being  added  to  tlie  solution,  the  whole  of  the  oxide  of 
zinc  may  bo  precipitated. 

If  it  be  wished  to  ascertain  by  the  moist  process  how  much  Bolphnr  ii 
contahied  in  a  given  portion  of  sulphide  of  zinc  (zinc  blende),  Uiis  detenniiia 
tiou  adniitH  of  bouig  readily  made  by  solution  in  nitro-mnriatic  acid  (aqna 
rogia)  with  heat :  wlien  all  tlie  sulphur  l;^'ill  be  converted  into  snlphnrie  acid, 
Diid  may  be  prcci]>itAtct1  in  the  ordinary  manner  with  a  salt  of  baryta ;  whilst 
from  another  x>ortion  of  solution  similarly  affected,  tlie  total  amount  of  zinc 
present  may  bo  discovered  by  precipitation  with  ammonia  or  oxide  of  zinc. 

Antimony. — This  metal  is  occasionally  found  native  in  Sweden,  France, 
and  Gcnnaiiy,  though  the  occurrence  is  rare :  aiitimonial  ores  are  alone  of 
commercial  imj[H>rtuiico  in  funiishiiig  our  sources  of  the  metal. 

Oxide  of  Antimony. 

Tliis  is  a  somewhat  i*aro  ininei'al.  occurring  in  Hungary,  Saxony,  and  some 
other  locaUti(.>s.  It  is  of  little  impoitonce,  however,  considered  as  a  source 
from  which  antimony  is  obtained  commercially.  The  only  antimonial  mineral 
liaving  commercial  importance  to  any  considerable  extent,  is  the  ore  next  to 
come  under  consideration. 

Sulphuret  or  i^ulphide  of  Antimony, 

Tlie  chief  localities  where  tliis  mineral  is  found  arc  Hungary.  Stolbeig 
in  tlie  Hartz,  Auvergne,  Dau]>hiny,  Spain,  Cornwall,  and  tlie  Island  of  Borneo. 
In  composition  it  is  a  tcrsulphidc  of  tlie  metal,  being  a  composition,  therefore, 
uf  tltrec  criuivalents  of  sulphur  plus  one  of  antimony. 

Cht'miotl  Chai'iu-tcristics  of  Antimony. 

Antimony  is  a  brittle  brilUant  metid  of  silvery  whiteness :  its  density  id 
about  OK,  and  its  fusing  point  about  ^48^  F.  It  crystallizes  when  slowly 
cooled  in  forms  belongiitg  to  the  rhombohedml  system.  This  metal  does  not 
readily  become  oxidized  when  exposed  cold  to  air,  even  though  the  air  be 
moist,  but  it  readily  oxidizes  if  left  uncovered  at  the  temperature  of  fusion. 
Like  arsenic,  but  to  a  less  eoiiKiderable  extent,  antimony  forms  a  gaseous 
combination  uith  hydrogen  ;  and  if  strongly  heated  in  a  current  of  air  or  aqy 
gas,  it  tmdergoes  a  sort  of  distillation.  Antimony  is  not  dissolved  when  acted 
on  by  sulphuric  acid  and  water — ^iior  even  by  strong  sulphuric  add,  except 
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heat  be  applied,  when  the  acid  is  decomposed  with  the  evolutiou  of  sulphurous 
add  gas.  finely-powdered  antimony  is  dissolved  by  hydrochloric  acid,  vdili 
the  evolution  of  hydrogen  gas ;  and  nitro-muriatic  acid  dissolves  it  with  still 
greater  fiudlity,  provided  nitric  acid  be  not  in  excess.  The  action  of  nitric 
acid  on  antimony  is  peculiar,  and  has  aheody  been  adverted  to.  It  at  once 
oxidizes  the  metal,  converting  it  into  a  white  powder,  antimonic  add.  Tin  and 
antimony,  treated  with  nitric  acid,  both  generate  a  white  insoluble  powder. 

If,  howeveTi  the  problem  be  that  of  determining  the  presence  of  antimony 
already  in  solution,  hydrosulphuric  acid  or  hydrosulphate  of  ammonia  a£fords 
not  oidy  a  ready  means  of  qualitative  discrimination ,  but  a  means  of  throwing 
down  all  the  antimony,  preparatory  to  obtaining  it  in  the  metalhc  form. 
The  sulphide  or  sulphuret  of  antimony  thrown  do^vn  has  a  well-marked 
orange  cotoor,  and  can  scarcely  be  mistaken  for  any  other  sulphide.  It  is 
true  that  arsenic,  cadmium,  and  tin,  in  tlie  state  of  percombinatiou,  all  yield 
yellow  precipitates  when  either  hydrosulphuric  acid  or  hj'drosulphate  of  am- 
monia is  added  to  these  solutions ;  but  the  coloiur  is  so  iar  distinct  from  the 
deep  orange  tint  of  sulphide  of  antimony,  that  a  practised  eye  will  not  be 
misled.  When  the  sulphide  of  antimony  has  been  thrown  do\vn  in  the 
course  of  experiment,  and  the  operator  wishes  to  reduce  it  to  the  condition 
of  metallic  antimony,  this  is  best  accomplished  by  placing  it  dry  in  a  tube  of 
Bohemian  glass,  about  eight  inches  long  and  half-ou-inch  diameter ;  trans- 
mitting hydrogen  gas  over  it,  and  simultaneously  applying  the  heat  of  a 
spirit-lamp  flame.  Thus  treated,  the  sulphur  of  the  sulphide  unites  with 
hydrogen  to  form  hydrosulphuric  acid  gas,  which  passes  over ;  and  metallic 
antimony  is  left  in  a  pulverulent  state.  It  may  be  readily  withdrawn  from 
the  tube,  and  its  quantity  estimated  by  weighing.  The  process  here  described 
is  not  chemically  unexceptionable ;  inasmuch  as  minute  traces  of  the  antimony 
may  unite  with  hydrogen,  and  pass  over  as  antimoniuretted  hydrogen  gas. 
The  objection,  however,  is  too  shght  to  aHect  mineralogical  results.  A  ready 
method  is  available  for  determining  the  instant  at  whith  the  transmission  of 
hydrogen  has  been  sufficiently  prolonged,  by  holding  from  time  to  time  a 
aUp  of  paper,  moistened  with  acetate  of  lead  solution,  near  the  open  extremity 
of  the  Bohemian  glass  tube.  So  loug  as  the  decomposition  of  sulphide  of 
antimony  is  going  on,  hydrosulphuric  acid  will  be  evolved;  and  this,  as  is 
well  known,  has  the  property  of  blacking  a  salt  of  lead.  When,  however, 
the  decomposition  of  the  sulphide  of  antimony  is  complete,  hydrosulphuric 
•cid  is  no  longer  generated ;  whence  it  follows  that  the  lead  test-paper  will 
no  longer  be  affected  with  blackness. 

Blowpipe  indications  of  Antimony, 

Whether  the  antimonial  ore  subjected  to  examination  be  oxide  or  sulphide, 
.the  final  indications  of  the  presence  of  the  metal  will  be  similar,  and  will 
depend  upon  the  former.  Oxide  of  antimony  is  a  rare  mineral,  as  we  have 
Alxeady  indicated :  it  will  rarely,  therefore,  come  under  mineralogical  notice  as 
mn  ore.  Oxide  of  antimony — otherwise  called  antimonic  acid — ^will  frequently 
oeeor  as  the  remit  of  ihe  action  of  nitric  acid  on  antimonial  compounds.    Let 
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Its  iissiinu*  tlint  n  oertaiu  mineral,  when  digested  with  nitric  acid,  does  not 
dissolve,  but  yioltls  a  white  powder :  tlie  latter  will  be  either  au  oxide  of  anti- 
innii  V  or  of  till.  It  may  l>e  n.'»dilr  dotormiued  to  be  tlie  oxide  of  antimony  bj 
tUo  foUowiu*;  blowpipe  n>iu*tious.  Iloated  on  charcoal  in  the  oxidating  flame, 
it  simply  ovaponitoii,  to  be  deposited  a  little  way  oil' on  tlie  same  piece  of 
HuuToni  iiiu-hiuij;fd.  If  hvatoil,  however,  in  the  reducing  flame,  it  loses 
oxv<;eii.  mill  tho  metallic  nntimouy  set  free  sublimes :  a  portion  of  it 
uuitinji  with  oxy;:ou  is  again  deixwited  as  white  oxide  ;  but  the  greater  portioii 
is  tiU'^^ether  dissipateil.  If,  instead  of  heating  it  unmixed,  it  be  incorporated 
with  iNirliourtte  of  soda,  and  exposed  to  the  retlucing  flame,  a  bead  of  antimoo^ 
is  speedily  fonnod. 

To  tliise  mejiiisetMiseriinination,  the  effects  of  blowpipe  treatment,  in  con- 
jiinetiou  with  horax  ns  a  tlux.  may  lie  added.  Heated  iu  tlie  usual  manner 
with  homx  in  a  platinum  lotip  in  the  oxidating  Hnme,  a  clear  yellow  glass 
voNiilis.  whieh.  if  ri-m>>ved  to  the  oxidizing  flame,  soon  becomes  gray  or 
Miu'kish.  oxriu);  to  the  reduction  of  oxide  of  antimony,  and  tlie  liberation  of 
thi>  metal.  If.  however,  the  riihiein;r  flame  l»e  continuously  applied, the  ^aai 
Uectimes  eolourless.  simply  on  uceomit  of  the  total  volatilization  of  the 
nulinituiy. 

QihtliOttlrf  estimation  of  Antimonijhj  the  Dr^  Proceu — The  Antimony  Auajf, 
Tlie  reduction  of  nminmny.  whether  from  the  condition  of  oxide  or  sul- 
]ihiile.  is  very  cum*  :  liut  on  account  of  the  volatility  of  the  resulting  metal, 
care  is  requisite  lest  ermr^  crci'p  in  fnuu  this  cnuse.  If  the  problem  be  to 
determine  the  uinouut  of  mitinioiiy  present  in  an  oxide  of  antimony,  the  reduc* 
tion  is  easily  etl'ectcd  hy  the  procos  of  heating  with  chnrconl ;  but  iK*rhsps 
the  hcst  means  i>f  pcrt'oriiiiii<r  the  o}'Ci'atiou  consists  in  using  a  crucible  lined 
with  charcoal,  as  eiuplovctl  in  the  pi-ocess  of  inm  and  zinc  assaying:  but  if 
the  reductinn  of  sulxthiil*'  of  antimony  he  in  (]uestion,  the  mere  aiil  of  cluu- 
coal  is  not  euoujjh.  In  this  ca>e  there  are  two  i>i\H'e"*ses  whieh  may  be 
reeonnaouilcd.  cit  her  \u)  fusion  with  a  mixture  of  cnrbonntc  of  soda,  iron,  and 
eharcoal,  or  (/'i  with  cyanide  orin^ta-^sium. 

(/I.)  Sulpliideofaiitimony  may  he  e!lcctniilIydecomiH>sod  by  fusion  with  iron 
ahme  ;  hut  the  process  cannot  he  rLCimiiiM-udcd.  I^ocause  the  siK^eilic  gran'ities 
of  sulphide  of  inm  ;/euerated.  ami  tlie  nirtaUie  antimony  reduced,  are  so  nearif 
identical  that  the  two  do  not  well  separate.  exeei>t  the  i»roeessof  fusion  be  60 
lon;»  continued  that  portions  of  the  antimony  will  he  lost  by  volatilization. 
Kvery  Hut  parts  i»f  sulphide  of  antinmny  retpiire  ahout  I'i  jwuis  inm  fllings, 
ir»  iif  carltiiuate  of  soda,  and  r>  of  charco  il.  Instoail  of  iron  tilings,  inm  nuls 
are  sonietimi-s  used.  tliou;.'li  jii-rhiips  wiih  im  ailvantape.  Considering  the 
^reat  Volatility  of  the  metal  antimony,  wc  are  disposed  to  believe  that  the 
process  of  roiludion  (/d  hv  cyanide  of  potassium,  as  reconimonded  by  Jlr- 
Mitcliell.  is  superior  to  till  others  in  the  dry  way.  A  mixture  of  four  parts 
cvHiiide  of  polnssium.  imd  oni>  part  suljdiide  of  antimony,  heing  intiustclr 
and  heated  iu  a  porci-hiin  cnicihle,  rc<hictlon  almost  immediately  ensues- 
\t  of  a  si)irit-lam]i  Ihinie.  or  of  n  few  ij.niited  pio'i  **  of  char«'c.nl.  is  snffi- 
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cient  to  promote  the  reduction.  The  low  degree  of  heat  required  is,  in  point 
of  £act,  the  greatest  recommendation  of  the  process.  It  nill  be  noticed  that 
in  our  statement  of  the  means  had  recourse  to  for  estiniatiug  the  quantity  of 
antimony  present  in  an  oxy-disulpliide  by  the  dry  process,  notliiug  has  been 
said  about  the  operation  of  roasting,  so  usually  employed  as  tlie  preliminary 
to  the  operation  of  melting,  properly  so  called,  when  metallic  sulphides  are  in 
question.  By  some  operators  the  roasting  of  antimonial  sulphide  is  advised : 
but  this  process  cannot  he  recommended,  seeing  that  the  process  of  reduction 
is  not  difficult  even  without  tiie  prelimiuai-y  process  of  roasting;  and  that 
when  dealing  \vitii  so  volatile  a  metal  as  antimony,  every  process  involving 
the  loss  of  a  portion  should  be  avoided,  except  it  be  an  actual  necessity. 

Bismmfh. — Bismutii  is  a  brittie  white  metal,  presenting  a  distinct  trace  of 
redness,  by  which  it  is  distinguished  from  zinc.  Perhaps  no  metal  so  readily  as 
bismuth  assumes  the  crystalline  state.  If  some  of  it  be  melted  in  a  crucible, 
or  ladle,  and  allowed  to  cool  partially  imtil  a  thiu  crust  of  consolidated  metal 
covers  the  surface  ;  and  if  now  this  crust  be  pierced,  and  the  crucible  or  ladle 
inverted  so  that  the  biiunuth  which  still  remains  fluid  may  escape;  the  central 
cavity,  when  opened  by  a  chisel,  will  be  found  to  present  a  congeries  of  beautiful 
oiystals  belonging  to  tiie  rhombohedral  system,  and  tiie  edges  and  solid  angles 
of  which  are  exceedingly  sharp  and  well  defined.  Owing  to  this  crystalline 
tendency  it  is  tiiat  bismutii  is  useful  as  an  element  of  certain  vtUoys  used  to 
receive  and  to  impart  well-delined  impressions;  for  example,  the  alloy  of 
which  letter  t^'pe  and  stereotype  plates  are  composed.  It  also  is  a  consti- 
tuent of  tiie  solder  by  which  articles  of  pe\(-tcr  are  joined,  and  it  enters  into 
the  alloys  termed  fusible  metals ;  the  fusibiUty  of  some  of  them  is  so  low  that 
they  liquefy  by  tiie  heat  of  boiling  water,  and  can  be  retained  in  the  molten 
condition  in  a  piece  of  paper  held  over  a  caudle.  The  geological  localities  of 
bismuth  are  few  and  circumscribed;  nearly  all  the  bismuth  of  commerce 
being  derived  from  tiie  mines  of  Schneeberg  in  Saxony.  The  ore  of  these 
mines  is  bismuth  in  the  native  or  metallic  state, — whieli  condition,  added  to  tiie 
low  fusibility  of  tiie  metnl,  renders  the  process  of  bisumtii-smelting  on  tiie 
lai^ge  scale  more  simple  than  the  operation  of  smelting  any  other  ore.  The 
mere  application  of  heat  is  require<l  without  tiie  admixture  of  any  llux  ;  and 
the  process  is  etftcieutiy  conducted  in  cast-irou  C3'liiidncal  retorts. 

NevertheleHB.  the  bismuth  tiius  immediately  produced  is  not  quite  pure ;  it 
is  contaminated  with  arsenic,  iron,  and  traces  of  other  meluls,  from  uU  of 
which  it  may,  however,  be  separated  by  fusion  ^nth  a  little  nitre. 

Native  bismuth  occurs  in  octohedrous  (rhombic)  bolon}»iii<3f  to  the  rhombo- 
hedral system.  The  peculiar  reddish-white  colour  of  tlu;sc  crystals  is  a 
striking  mineralogical  feature.  Native  bismutii  is  usually  found  ui  combina- 
tion witii  ores  of  silver,  zinc,  lead,  cobalt,  and  nickel. 

Although  native  bismuth  is  tiio  only  commcrtual  source  of  Uie  metal,  there 
are  also  brown  sulphide  of  bismuth  ;  silicate  of  bismutii ;  a  niixod  sulphide  of 
bismuth,  c<ippcr,  and  lead,  constituting  the  ore  known  as  aciculiir  biHuiuth  ; 
tetradymite,  a  compound  of  tellurium  and  bismutii ;  native  oxide,  and  native 
carbonate  of  bismuth. 


HO 


BS^DTTOTTO:?    OF    COBALT    AND    HICSEL. 


The  most  striking  chemical  characterisUc  of  biamtith  is  its  property 
dissolTirLg  in  Btroog  nitnc  hquI,  and  the  Bolutiou  yielding,  when  mixed  wi 
wator,  ft  wliite  preoipitato  (stibiiitrate  of  tlio  oxido  of  "bismnUi) .  It  tOAy  be 
thro'nTi  down  h\  hydromiLlphiiiic  a-cid  lis  a  Hiilplude,  or  by  pota^  aalatioQ  aa 
an  oxide.  Tkc  latter  being  calcined  in  a  porcelain  <5nicible,  and  weighed, 
tlto  chemist  is  ciiftbled  to  deienniiie  the  amount  of  bismuth  farmed ;  evetj 
100  parts  of  oxide  corresponding  with  &4'66  of  the  moUL 
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Thid  opGratiou  is  so  precisely  similar  to  the  process  already  described  aa 
proper  for  the  assay  of  lead,  that  no  more  explicit  directions  require  to  l»e 
giren.  Theoretically,  ao  Rux  ehonld  be  required;  nevetlhelesa,  practically,  a 
mixture  of  borax  and  black  flux  should  be  always  employed. 

Coib&lt. — The  poeuharity  of  cobalt  in  imparting  a  fine  blue  coloui'  to 
borax,  acted  npon  in  tho  hlo^vpipe  Hamei  ijs  sti  extremely  characleriatic,  that 
the  metallurgist  \rill  rarely  have  to  ^m.  the  desired  infbnnatiaiL  by  more 
elaborate  means.  This  pecuharity  may  be  impressed  on  the  memory,  jf  no- 
i^esBary.  by  redectin^  that  praparntiona  of  tiobalt  aro  tSie  pigments  uaed  for 
imparting  blue  tints  to  ccrainic  ware.  Tlija  metiil,  and  also  iiickel,  httrdljr 
belong  to  tlie  category  of  mineral  furnace  a.'^saying.  The  moiat  or  lal>omto7 
processes  of  accompUshing  tlieir  redaction  and  subseqiietit  estimation  aiieM 
eatiafactory,  though  aasociated  wilti  LliHiculties,  as  tlie  fumaoe  methnda  an 
unreliable.  To  obtain  a  Bolutian  of  cobalt  unmixed  wiUi  nivkal.  where  the 
two  mctab  arc  ori^anally  a.ssociat«d,  i^  one  of  tho  most  difHeult  operadoni 
of  miaeral  analysis  ;  but  having  once  obtained  a  pni*e  Bolatiim,  tlie  metal  cao 
readily  be  thrown  down  in  tlie  condition  of  oxido  by  addition  of  catistic 
potasli,  and  the  dried  oxide  can  easily  be  reduced  to  Uie  metallic  state  by 
heating  it  in  a  glasa  tube,  through  wliich  a  current  of  hydrogen  gas  ia  main- 
tained. Cobalt  solntiona,  tlie  operator  should  remember,  arc  not  capable  of 
precipitnatioii  by  hydrosulphuric  acid;  they  are,  however,  precipitntod  by 
hydrosulphatc  of  ammouia.  A  similar  remark  applies  to  solutions  of  iroa« 
manganese^  *^"d  uranium. 

Viekfll.— TliiB  brilhant  white  metal,  now  no  much  emxdoyod  in  tho 
maTittfacture  of  albata,  or  German  silver,  ia  cliiefly  obtained  from  die  ore 
termed  kupfemiokel.  It  usually  ia  a  mixture  of  nickel  and  arsenic,  but 
sometimes  of  nickel  and  antimony.  Tho  solutiona  of  nickel  are  for  the  most 
part  bluo  or  green,  aomcwhat  in  this  respect  resembling  those  of  copper, 
&-om  wliieh,  however,  they  may  be  disconnected  by  tlie  inroumstance  of  their 
non-precipitation  by  hydroaulphuric  acid ;  and  lln?n  yielding  "nit]!  ferrocynaidtf 
of  potassium  a  bluish  precipitate,  whcreftji  sohitioDa  of  copper  3aeld  a  prv^ 
cipitate  which  is  of  a  mahogany  brown  ccilour.  Nickel  is  determ.ra«d,  quan* 
titatively,  exactly  like  cobalt — i.f.  by  thro^ving  it  down  na  oxide  by  iMlditiffti 
of  potash  solution,  and  subsequent  reduction  of  tho  oxide  by  hydiogea 
heat. 
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CHAPTER  V. 

THK   DISCOVERT   OF   MINEt}   AND  MIKING   OPERATIONS. 

Ths  surface  of  onr  globe  consists  of  an  aggregation  of  mineral  substances, 
varying  both  in  their  chemical  and  mechanical  structure.  Among  these  sub- 
stances,  what  we  have  ventured  to  call  the  Useful  Metals — designating  imdor 
that  term,  Iron,  Copper,  Tin,  Lead,  Zinc,  and  some  other  alloys  of  these — 
are  universally  diffused  over  the  earth's  surface  ;  either  in  the  stratified  or 
non-stratified  state.  In  the  former  case,  presenting  regular  laminated  beds,  or 
layerB,  at  times  horizontal,  at  others  at  a  considerable  angle  with  ihe  horizon, 
and  occasionally  curved  and  irregular  in  their  form ;  in  the  case  of  non 
stratified  formations,  indicating  a  tendency  to  a  crystalline  structure,  as  if  tlie 
mass  had  been  fused,  and  allowed,  by  slow  cooling,  to  group  itself  according 
to  its  natural  affinitieB. 

The  terms  Primary,  Secondary,  and  Tertiary  formations  were  formerly 
used  by  geolo^sts  to  describe  the  rocks  which  furm  the  crust  of  the  earth  ; 
the  first  being  applied  to  the  crystalline  rocks.  To  the  sedimentary  formations 
the  term  Secondary  was  long  applied ;  but  it  was  found  necessary,  as  our 
knowledge  of  the  earth's  formation  increased,  to  divide  this  class  into  minor 
groups — namely,  transition,  secondary,  and  tertiary ;  the  first  being  applied 
to  the  lower  stratified  rocks,  which  contain  traces  of  crystalline  minerals, 
while  the  others  embrace  the  more  recent  stratified  formations.  Aloderu 
science  has,  however,  nearly  superseded  this  classification,  adopting  a  more 
minute  and  specific  nomencluture. 

In  exploring  a  country  for  mineral  veins,  it  is  to  be  borne  in  mind  that 
those  ores,  which  are  most  valuable  in  metallurgic  operations,  are  seldom 
found  on  the  surface ;  they  are,  in  most  instances,  buried  beneath  the  soil, 
and  penetrate  the  solid  rock,  often  to  a  considerable  depth.  Mineral  veins 
are  chiefly  found,  either  in  the  primitive  rocks  or  in  tlie  adjoining  transition 
deposits ;  they  are  often  nearly  perpendicular  in  their  direction,  in  which 
ease  there  is  Uttle  to  induce  the  miner  to  follow  tliem. 

In  the  mining  districts,  there  are  certain  technical  terms  in  use  which  we 
■hall  have  occasion  to  repeat,  and  which  we  shall  here  explain.  The  lode  is 
the  vein  of  metallic  ore,  which  it  is  the  object  of  the  miner  to  obtain,  and 
the  rock  in  which  the  lode  occurs  is  called  the  country  ;  while  the  veins  which 
are  unproductive  are  called  cross  courses.  The  dip  or  inclination  of  the 
Tain  to  the  horizon  is  the  hade  slope  or  underlie;  its  intersection  with  the 
anr&ce  constitutes  what  is  called  its  run,  or  direction.  When  the  vein 
divides  into  smaller  portions,  they  are  termed  strings ;  and  when  these  veins 
become  much  attenuated,  they  are  termed  threads.  In  following  the  cavity 
which  contains  the  lode,  the  two  sides  which  regulate  its  thickness  are 

USEFUL  METALS.  <* 


S2  COAL  HELbB. 


called  the  trails,  the  top  being  the  hanffintf-waU,  or  aod;  while  the  bottom  of 
tlic  bed  iR  the/oot-wall,  or  floor  of  the  bed. 

Local  dislocations  and  misplacements  of  strata  are  often  found,  which  an 
hero  and  tlierc  iutermpted  by  fissures  which  have  been  filled  up  by  minenl 
doiMSits.  These  fissures  run  across  all  the  strata  of  the  formations,  inte^ 
cepting  the  lodes  nearly  at  right  angles.  They  arc  rarely  metaUifezoos ;  or 
if  they  contain  mineral,  it  is  rarely  of  tlie  some  kind  as  those  ocooiring  in  die 
other  lodes.  These  interceptions  frequently  produce  faults  or  alid^, — tenu 
applied  to  the  rock  which  fills  the  fissure,  the  rock  being  termed  a  dykt. 
The  comx)lications  produced  hyfuultt,  frequently  impede  most  materially  the 
operations  of  the  miner.  Ilio  mineral  substance  which  conatitutea  the 
original  lode,  and  the  rock  above  and  below»  being  often  mixed  together, 
tlie  former  tlirown  more  or  less  out  of  its  primitive  direction  by  the  mnking  or 
upheaving  of  one  of  the  walls  of  the  more  recent  vein — the  whole  cha- 
racter of  the  bed  undergoes  a  material  change  by  one  portion  complete^ 
overlapping  the  other.  As  veins  are  most  productive  at,  or  near  the  pointi 
where  these  substances  occur,  the  metalliferous  moss  on  which  the  miner 
had  been  engaged  is  completely  lost  on  coming  to  one  of  these  cross  veins, 
and  it  is  frequently  a  work  of  great  difficulty  to  recover  it  again.  The  fint 
object  to  be  ascertained  in  searching,  for  the  dislocated  vein,  is  the  directum 
in  which  the  tmve  has  taken  place,  whether  to  the  right  or  to  the  left  hand; 
from  analogy,  the  miner  is  generally  enabled  to  arrive  at  a  correct  conclusion 
on  tikis  head.  Continuing  his  level  upon  the  cross  vein  in  the  direction  he 
has  chosen,  if  ho  has  been  correct  in  his  calculations,  tho  metallifeious  vein 
will  be  again  met  with  on  the  opposite  side,  when  tho  level  is  continued  as 
before.  If  the  search  requires  to  be  continued  for  a  long  distance  without 
success,  ho  is  probably  at  fault,  and  it  will  be  necessary  to  drive  in  another 
direction  until  the  vein  is  found.  The  faults  ;which  interrupt  the  coal  bedi 
are  principally  soft  clay,  mixed  with  boulders     at  times  of  trap  or  porphyxy. 

The  great  coalfields  iu  the  vicinity  of  Nowcastle-on-Tyne  are  covered  by 
a  tiiick  layer  of  sandstone.  On  the  soutli  bank  of  the  T}'ne  there  is  ft 
ridge  whicli  lowers  the  bed  by  00  feet,  whence  it  is  raised  in  nearly  a  rif^t 
angle  about  t^O  yards  above  tho  surfnco  by  tlie  fault,  so  that  only  the  lower 
strata  are  visible.  It  sinks  again  60  feet ;  aitd  tlien  runs  almost  hoiizontalty 
to  a  trcmeadous  fault  which  lowers  tlio  entire  bed  280  yards,  whence  U 
gradually  rises  again.  The  same  thing  occurs  in  tlie  coal-field  at  Ron- 
rhamp,  ic  tho  department  of  the  Upper  Saoue.  These  valuable  beds  an 
suddenly  interrupted  by  a  mass  of  porphyry  iu  a  direction  forming  a  veiy 
slight  angle.  In  tlio  plains  of  Champagne,  on  the  other  side  of  the  inter- 
ruption, a  contmuation  has  been  found  of  the  red  sandstone,  which  forms 
tile  roof  of  the  coal-bed,  and  at  a  short  distance  tiio  porphyry  is  again  found; 
but  not  the  coal  bed. 

Experimental  Works. — Tlie  existence  of  mineral  beds  or  veins  it 
usually  indicated  by  obser\'ing  attentively  the  Iragmcnts  of  ore  carried  down 
by  the  action  of  tho  running  water.  Li  following  such  indications,  it  is 
necessary  to  distinguish  between  heavy  and  light  ores,  between  friable  hnd 
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hard  materials.    Anthracite  coal  may  be  carried  a  great  distance  without 
losing  much  of  its  form,  while  bituminous  coal  will  not  go  any  distance     ■ 
without  losing  its  peculiar  characteristics ;  galena  may  be  carried  a  great 
distance,  but  it  is  liable  to  be  broken  into  small  cubes  by  the  action  of  the     j 
water.    Useful  iron  ores  are  never  carried  £eur  by  the  currents,  being  too     j 
tender  for  such  transport     Tin  ores  are  often  found  in  alluvial  gravel,     ; 
bedded  upon  rock,  and  protected  by  layers  of  gravel ;  other  ores  are  too     ; 
finable  to  be  carried  by  water,  and  too  oxidizable  to  resist  long  the  action  of 
the  oxygen  of  the  atmosphere  for  any  length  of  time.  Where  such  specimens 
$n  found,  therefore,  there  must  be  a  vein  at  hand.  \ 

In  the  absence  of  othur  and  more  obvious  indications  of  mineral  deposits, 
but  where,  nevertheless,  there  are  reasonable  grounds  to  believe  in  their 
existence,  excavation  becomes  necessary.    The  general  direction  of  the  lodes 
of  the  neighbourhood  having  been  ascertainad  from  the  workings  in  other     , 
nones  in  the  district,  a  series  of  pits  are  sunk  at  right  angles  to  the  run  of 
the  veins.     This,  in  the  language  of  the  Cornish  miner,  is  called  ahodHng  or      J 
«>tteemng,  and  the  pits  "  shode-pits :"  terms  which  will  be  described  presently.     I 
Having  ascertained  the  existence  of  a  vein  of  mineral,  the  next  point  for 
cousLderation  is  the  nature  of  the  ore  and  ite  value.    For  this  purpose  it     i 
most  be  assayed  for  its  quality,  and  if  possible  this  should  be  in  the  smelting- 
fbmace,  and  on  a  scale  of  sufficient  magnitude  to  a£ford  a  fair  test  of  its 
quality. 

As  in  Devon  and  Cornwall  more  extensive  mining  operations  for  obtain- 
ing metallic  minerals  are  carried  on  than  in  any  other  district  of  similar     i 
extent  in  the  world,  the  practice  adopted  there  may  fairly  be  taken  as  a     ' 
standard  for  operataons  elsewhere.     Indeed,  the  Cornish  miner  is  usually      j 
Bon^t  for  as  the  guide  and  nuuuiger  in  all  foreign  mining  adventures  under- 
taken by  British  companies.  i 
The  discovery  of  suitable  localities  for  mining  operations  is  effected  in     ! 
TarioQB  ways.    Tin  and  iron  ores  are  more  commonly  discovered  by  shode- 
ing;   copper,  lead,  and  sometimes  tin,  by  costeening.    Wherever  granite 
occurs  in  the  neighbourhood  of  Idllas,  kellas  or  clay-slate,  the  presence  of 
nifltallin  minerals,  principally  copper  and  tin,  in  veins  running  east  and 
west,  or  n«arly  so,  may  be  expected ;  when  at  a  distance  more  remote  from      | 
Hie  granite,  and  in  veins  running  north  and  south,  or  nearly  so,  minerals  con- 
taining lead  may  be  expected.     Supposing  a  stone,  containing  tin,  which  is     { 
easily  recc^nized  by  ite  superior  weight,  to  have  been  discovered  in  a  valley,     | 
or  on  the  aide  of  a  hill,  it  would  be  termed  a  shode-stone ;  and  a  search  under*     ' 
taken  to  discover  ite  original  site  would  be  termed  tkodeing.    Of  course,  if     ! 
£cmnd  on  the  side  of  a  hill,  it  would  fairly  be  presumed  that  it  had  been     I 
washed  there  from  a  point  higher  up ;  therefore,  according  to  the  contour  of  the     I 
hill,  the  search  should  be  directed.   It  is  not  always  necessaxy  that  the  shode-     | 
■tone  should  contain  the  metal  actually  sought  for :  it  may  be  suilicient  to 
have  found  the  most  common  companion  of  "it.    Commencing  at  the  original     I 
place  of  discovery,  similar  stones  are  sought  for,  and  will  bo  found  more  and     | 
more  numerous  as  the  lode  from  which  they  were  originally  poured  forth  is     ' 
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approaclied.  The  term  shode  is  derived  from  Kkutten  (Tentonic),  toponr 
forth.  The  lode  having  been  reached  and  passed,  all  appearance  of  ahode- 
stones  will,  of  course,  disappear,  and  the  miner's  steps  must  be  retraced.  The 
vicinity  of  tlie  lode  liaving  been  ascertained,  the  lode  itself  is  identified  by 
sinking  a  few  shode-pits  in  order  to  discover  from  the  stratum  or  shelf  im- 
mediately below  the  soil,  or  ntfat  earth,  surer  indications  of  its  proximity. 
It  rarely  happens  that  a  lode  is  found  in  a  perfect  state  close  to  the  sur&oe. 

A  perfect  lode  sliould  present  tlic  appearance  of  a  fissure  in  the  rock,  con- 
taining, between  two  distinct  walls  or  faces,  deposits  of  earthy  and  metallio 
minerals  differing  entirely  in  character  from  the  rock  itself,  and  principally 
characterized  by  the  constituents  presenting  a  more  or  less  crystalline  form. 
Instead  of  this,  the  prolonged  action  of  water  and  atmospheric  a^ncies 
appears  to  have  caused  more  or  less  the  decomposition  of  the  lode,  and  of 
the  containing  rock  or  country,  which  have  been  broken  up  and  mingled 
together;  and  thus  has  been  produced  the  brylo  or  broil  of  the  lode,  from 

which  the  shode-stones  have  rolled 
away,  and  the  discovery  of  the  lode 
itself  brought  about,  as  ahown  in  the 
annexed  engraving  (Fig.  1). 

The  older  miners  declare  that  the 
search  for  shode-stones,  in  some  in- 
stances, has  originated,  not  with  the 
finding  of  a  stone  of  ore,  but  from  cer- 
tain appearances  of  dancing  lights,  or 
Dumin^  drakes  as  tlicyaro  culled,  resembling  wiU-o'-tlie-T^isps,  which  have 
been  repeatedly  observed  at  inter^-als  over  a  particular  line  of  country.  Al- 
though wo  cannot  at  present  account  for  these  phenomena,  such  observa- 
tions ore  worthy  of  being  registered,  seeing  tlie  important  discoveries  now 
bciiig  made  in  ttie  relations  existing  between  magnetism  and  voltaic  and  fric- 
tionol  electricity,  which  may  throw  valuable  light  upon  such  obser\-ations, 
aud  render  tliem  of  practical  utility. 

It  is  believed  by  many  of  the  most  intelligent  mining  adventurers  in 
Cornwall,  that  some  of  the  most  valuable  mines  in  tlie  county  have  been  di^ 
covered  through  tlio  agency  of  the  virgula  dh'inaU>ria^  the  di\'ining  or  dowse- 
iiig-rod.  This  instrunieut  is  composed  of  two  pieces  of  hazel-twig  tied  together 
with  pack-tliroad  or  twine,  the  root-ends  being  brought  togctlier,  and  the 
smaller  being  held  in  tlie  hands.  Hazle-rods.  cut  in  tlie  winter  and  dried,  are 
said  to  answer  best;  but  apple-tree  suckers,  or  twi^  of  peach-tree,  plum,  cur- 
rant, willow,  or  oak,  even  if  green,  will  answer  tolerably  well.  If  tied  with 
Bilk,  worsted,  or  hair,  it  will  not  act.  The  rod  is  said  to  act  iu  any  hands. 
but  much  more  energetically  with  some  tlian  witli  otlicrs. 

The  land  to  be  examined  is  explored  by  the  dowser  walking  slowly  over 
it  from  nortli  to  soutli,  holding  tlic  rod  iu  his  liends;  not  perpendicularly, 
but  at  an  angle  of  70^.  Wlien  approaching  the  lode,  tlie  rod  feels  loose  in 
the  hands,  and  is  repelled  towards  the  face ;  on  being  brought  to  its  former 
iH^'titii'U  it  is  again  repelled,  until  the  forejuost  foot  is  over  the  lode,  when  it 
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will  be  irresistibly  drawn  down;  and  in  this  position  it  will  continue  imtil  tho 
lode  is  passed  over,  when  the  repulsion  will  be  again  perceived.  Host  of  our 
readers  will  remember  the  "  divining-rod,"  and  the  German  adept  Douster- 
swivel,  so  admirably  delineated  in  the  "  Antiquary,"  and  marvel  to  find  the 
superstition  gravely  repeated  in  onr  day  as  one  actually  practised. 

The  distance  between  tlie  ]>oint  of  appearance  and  disappearance  of  tho 
depresaxon,  indicates  the  thickness  of  the  lodes.  The  course  of  the  lode  may 
also  be  traced  by  walking  in  zig  zag  lines  over  it.  This  method  of  discovering 
the  course  of  lodes,  if  in  practised  hands,  is  indisputably  of  great  practical 
▼alue,  and  renders  efficient  service  where  shodeing  cannot  be  adopted^  for  all 
lodes  or  veins  are  not  alike  affected  by  the  agencies  already  referred  to,  some 
of  them  remaining  comparatively  unaffected ,  and  producing  no  shodc-stones. 
A  more  certain  plan  than  that  of  sinking  shode  pits  at  ititei'vals,  is  to  drive  a 
cutting  open  to  tlie  grasg,  two  or  three  feet  through  tho  shaft ;  thus  all  tho 
lodes  within  the  bounds  of  tlie  exploration  may  be  at  once  discovered. 

Tlie  plaoe  of  the  lode  having  been  discovered  by  shodeing,  it  is  necessary 
in  the  next  place  to  determine  the  line  in  which  it  runs;  and  this  is  most 
commonly  done  by  costeening — that  is,  by  sinking  pits  down  to  the  rock  at  such 
distances  from  each  other  as  to  verily  the  supposed  direction  of  tho  lode. 
This  term  is  derived  from  Goth*i9  stenn  or  dropt  tin.  Tho  locality  and 
direction  of  a  lode  has  not  unfrequently  been  determined  by  the  peculiar 
appearance  of  the  herbage  covering  tlie  surface ;  sometimes  by  the  colour  of 
the  freshly-ploughed  soil ;  or  by  the  character  of  the  water  issuing  from 
a^acent  springs.  The  sinking  of  wells,  tho  cutting  of  roads,  excavations  of 
races  for  water-wheels,  the  accidental  exposure  of  the  rock  from  the  washing 
of  the  sea  or  of  fresh-water  streams,  and  tlie  occasional  washing  of  tlie  peb- 
bles from  tlie  sea-ahore,  hare  been  among  the  most  common  means  of  disco- 
vering mines.  In  the  neighbourhood  of  Tavistock,  some  valuable  mines  were 
discovered  in  cutting  a  tunnel  for  tlie  canal  from  that  town  to  tho  banks  of 
the  Tamar.  Sometimes  in  driving  adit-levels  for  the  working  of  a  new  mine, 
lodes  are  out  into  much  more  valuable  in  their  produce  than  the  one  whicli 
originated  the  work,  but  of  which  no  trace  had  ever  presented  itself  at  tlie 
■oriioce.  A  lode  or  series  of  parallel  lodes  having  been  discovered,  and  tlio 
character  of  their  mineral  contents  satis&ctorily  ascertained,  it  is  necessary, 
before  determining  to  commence  mining  operations,  to  consider  the  locality 
and  resources  of  the  district ;  whether  sufficient  water  can  be  obtained  for 
dressing  the  ores,  and  driving  machinery;  and  whether  the  roads  or  other 
means  of  conveyance  will  allow  of  the  necessary  materials  being  obtained 
for  working  tlie  mine,  and  of  tlie  ores  being  conveyed  to  market  at  such  a 
cost  as  will  admit  of  profit.  Those  are  all  considerations  to  be  borne  m  mind 
before  commencing  operations. 

As  lodes  frequently  extend  many  miles,  the  discovery  of  tlie  combin- 
Atioiu  of  a  lode  on  which  a  celebrated  mine  may  have  been  successfully  worked, 
ia  often  regarded  as  sufficient  inducement  to  incur  a  very  large  outlay  uf 
capital  in  its  exploration  :  even  without  the  ore  having  been  fouud.  or  any 
other  indication  than  that  of  a  kindly  gozzau  or  gossan,  which  is  commonly  a 
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sponglfurm  mass  of  qiiortzose  sttme,  QonUimug  loose  femiginooa  coatui;^.  Om 

prtjbaltli^  roiuAina  of  decompo^d  Bolphnrcts  of  copper  and  iron.  Sonii^liiucs 
e  spriiikliug  of  ciyatals  of  innudic  or  iron  pyrites  may  be  obsei'ved ,  oud  uu 
chomie^  analysis,  traces  ofcopiter  may  be  di9<;oT(fi*ed. 

For  a  loug  timo  it  was  held  that  copper  cauld  not  be  fuand  in  qnantiUcfl 
{a  pay,  to  the  qagtwaid  of  Truro  bridge.  Tlie  prevaluuce  of  this  crude  DoLion 
tended  long  to  CQufino  explorations  for  the  ore  of  tlm  metal ;  but  llie  rujiid 
dovelopment  of  ttiines  of  die  mosi  important  charactfrtLron^oiU  the  eastern 
part  of  Comirall,  uid  the  ^ve^teni  districts  of  DevonaluiGr  have  givien  miiien 
greater  confideucQ  iii  applying  tho  principles  of  miuiiig  to  the  explomtiim 
of  new  districts,  instead  of  adliering  to  old  localitied  simply  on  ftccoiint  of  tiieir 
acq;uired  character  and  ancient  traditions. 

The  direction  of  the  lod«  lia^'ing  been  ascertained,  it  is  in  the  next  place 
iienea^ary  to  determine  the  direction  and  amonnt  of  dip  or  underlie  cj"  the 
lode — whether  it  he  from  north  to  south,  or  u&  vertd  ;  also  how  many  indies 
or  feet  per  fatliom  it  is  out  of  the  pcrjwt'ndicular  in  itg  decent.  According 
to  the  charRcter  of  the  gromid,  or  countiy,  it  is  to  he  d^tc'i'nuned  wln-ther  to 
eink  a  shaft,  or  to  drive  up  an  adit  level  from  the  nearest  %-aUoy,  so  oa  to  cot 
the  lode  at  twenty,  tliirty,  or  f';rty  fathoms  from  tho  surface*  and  thus  at  cause 

to  agccrtain  the  quality  of  tho  lode  If 
the  jjrotind  be  easy  to  diik  tlixoujih,  it 
may  be  considered  best  to  sink  at  onoe 
a  Bha^,  becaose,  as  it  f^oes  down,  it 
ftllbnls  the  opportiuiity  of  B4*tting  i 
gr^-ater  niunber  of  men  at  work  at  dlf- 
fereut  levels,  as  may  be  seen  from  ih« 
annexed  sketch  (Fig.  '-2).  Aa  soon  as 
the  shaft  is,  miy,  twenty  fathama  m 
depth,  the  dri\-iug  of  a  Level  to  cro«»> 
eut  the  lode  nt  ft  may  he  comm^ioed ; 
nt  tliirfcy  fnthoma  the  lode  itself  mar 
be  cut  and  mink  throu;fh,  paeslngoo 
Vi  RQQthGT  ten  ffflthoniB  in  depth.  By 
driving  nu  ailit-levcl,  as  at  h^  tocttt  thJe 
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lode,  l>jsa  iimcliiuery  wiU  be  Tequii*ed,  as  the  water,  which  is  the  piintnpal 
difficulty  thfl  njiuerhas  to  contend  with,  v^tII  run  away  of  iiseU;  and  thti». 
although  it  may  be  neceeaary  to  Dxcayate  a  vci^'  much  larfjtr  quantity  of 
ground  to  reach  tlie  lode,  it  may  b&,  and  indeed  p^enerally  ia*  Ii;s5  expensive  10 
cut  the  lode,  liy  driving  the  adit  level,  than  to  sink  tlie  Hhofl.  TLiais  more 
^speriftlly  the  cose.  sec-inj»  thfit  even  after  the  lode  has  been  cut  by  the  shaft, 
the  adit  Icv^l  wHl  be  neuegsary  to  run  ofif  the  water,  if  furtlter  operations  be 
determined  on* 

The  sitildnp  of  thB  main  or  sump  shfift.  and  the  drivinpj  of  the  adit  levd. 
are  Xho  two  most  iinportnnt  operations  in  mininq;.  The  object  <if  tlio  formo' 
iB  to  provide  accesa  to  the  b^ile  at  ditTt;n?ut  dcptha,  fur  the  Ciiuveysnce  ^t 
labour  and  materials,  for  the  extraction  of  the  ores^  and  for  the  r^inoTol  of  Ibft 
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water  by  loachiiLerj.  The  object  of  the  latter  is  to  provide  for  the  removal  of 
water  by  preparing  an  outlet  for  it  at  the  lowest  possible  point,  so  as  to  pre- 
vent the  expense  necessary  for  lifting  it  to  the  surface  of  the  mine  by  means 
of  pumps. 

If  the  iwaiw  shaft  of  amine  be  100  fathoms  in  depth,  and  there  be  an  adit- 
level  at  30  &thoms,  the  water  will  have  to  be  lifted  only  70  instead  of  1 00 
&tbom8.  By  the  co-operation  of  many  mines  a  great  permanent  saving  of 
expenditure  may  be  effected  by  directing  the  adit-level  of  each  mine  into  one 
tnrin  adit,  by  which  it  may  be  made  to  serve  instead  of  having  a  separate  one 
for  each  mine.  By  refei^ 
ence  to  the  annexed  dia- 
gram (Fig.  S)  this  arrange- 
ment will  be  easily  under^ 
stood. 

Supposing  a  district  of 
some  miles  in  extent  to  be 
here  represented,  A  B  will 
be  the  main  adit,  GDE 
three  mines  at  different 
elevations,  E  having  dri- 
ven up  a  main  adit  from  B 
to  D,  its  own  main  shaft; 
by  a  continuation  of  it  to  the  shafts  of  D  and  G,  these  two  mines  will  be  able 
to  discharge  their  water  at  the  level  A  B  instead  of  at  I>  and  E. 

The  advantages  of  this  method  of  working  are  well  shown  at  the  United 
Mines  near  Bedmth,  where  a  main  adit  has  been  driven  between  four  and 
&wt  miles  in  length,  into  which  branches  from  between  forty  and  fifty  mines 
have  been  opened.  It  is  carried  from  a  point  only  a  few  feet  above  high-water 
mark.  With  all  its  branches,  its  extent  is  between  thirty  and  forty  miles. 
Its  greatest  depth  from  the  surfaee  is  seventy  fathoms,  but  the  average  is 
about  thirty  fathoms.  By  this  work  the  expense  of  machinery,  and  of  coals 
neeessary  for  lifting  the  water  of  all  these  mines  thirty  fathoms  in  height, 
which  has  been  calculated  at  24,000  tons  of  coal  per  annum,  are  saved ;  so 
that  for  ooals  alone  a  saving  has  been  effected  of  ^19,000  per  annum.  This 
msgniAoent  undertaking  was  commenced  in  1 748,  and  completed  in  1768. 

nie  sinking  of  the  main  shaft,  and  the  driving  of  the  adit  level,  may  with 
Advantage  be  conducted  at  the  same  time ;  for  it  not  unfr%quently  happens 
that  the  adit-level  draws  off  much  of  the  water  that  would  otherwise  have  to 
be  rsised  to  the  sur&ce ;  it  also  affords  the  opportunity,  after  it  has  been 
driven  up  to  the  point  under  the  sinking  shaft,  of  setting  pair$  or  cores 
(eorpt)  of  men  at  work  to  expedite  the  formation  of  the  shaft,  by  rising  up 
towards  the  men  at  work  above.  This,  of  course,  can  only  be  done  where 
the  ground  is  sufficiently  compact ;  but  if  this  cannot  be  done,  the  adit-level 
having  been  driven  up  to  the  lode,  two  different  sets  of  men  can  almost  im- 
mediate^  be  set  at  work  upon  the  lode  right  and  left  to  extract  its  contents. 
Where  the  mine  is  rich  in  metallic  ore,  it  may  immediately  become  pro- 
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ductive  of  profit  IVequently  adit-lcvela  are  used  not  only  for  the  drainage 
of  tlio  mine,  but  also  for  pemiaDentlj  working  as  a  tunnel  for  the  extractiou 
of  the  ores,  witliout  any  main  sliaft. 

When  this  is  the  case,  the  level  is  made  larger,  to  provide  for  the  penna* 
nont  trafilc  over  the  tramway  laid  for  running  the  waggons  in  and  oat  of  the 
mine.  This  tunnelling  is  commonly  driven  through  rock  or  country  suffi- 
ciently solid  to  support  itself;  but  where  the  ground  is  soft,  it  is  most  c<nn- 
mouly  supported  with  timber,  more  rarely  with  masonry.  The  work  of  the 
miner  in  driving  an  adit  is  comparatively  simple,  consisting  principally  of 
pickwork,  boring  and  blasting  with  gunpowder,  and  removing  the  attle  or  waste 
iu  wheelbarrows  or  waggons.  AVhen  the  level  is  being  driven,  in  order  to 
meet  a  shaft,  tliese  simple  operations  have  to  be  conducted  with  care,  in 
accordance  with  tlie  directions  of  the  superintending  captain,  who  marks  out 
the  course  to  be  followed  by  carefully  dialling  the  ground ;  for  this  purpose 
he  employs  a  tlieodolite  mounted  over  a  large  mariner's  compass.  The  most 
careful  dialling  is  required  where  an  aditlevel  lias  been  driven  forward  to 
tlic  point  below  a  shaft  in  course  of  sinking,  and  it  has  been  determined  to 
work  upwards  to  meet  the  miners  sinking. 

As  it  is  of  the  utmost  importance  that  the  main  shaft  should  be  peipeit 
dicular  on  all  four  sides,  in  order  to  produce  perfect  work,  both  parties  most 
bo  working  round  a  common  central  perpendicular  line,  which,  however, 
cannot  be  determined  until  a  communication  is  opened  betn*een  the  sinking 
and  tlie  rising  miucrs.  Although  tlie  operation  requires  great  care,  it  is  very 
seldom  tliat  any  error  occurs.  The  size  of  the  main  or  $ump  shaft  of  a  mine  is 
determined  by  the  purposes  for  which  it  is  intended  to  be  employed.  More 
commonly  it  is  used  only  for  pumping  up  tlxe  water,  hut  it  is  also  sometimei 
used  by  being  ported  off  with  timber  into  compartments  for  footway  purposes, 
and  for  the  raising  of  the  ores.  As  it  is  sunk,  at  least  in  the  upper  part,  it  is 
always  carefully  timbered ;  but  frequently  in  depth,  the  ground  or  countiy 
becomes  sufficiently  compact  to  render  this  unnecessary.  As  soon  as  the 
sinking  of  a  main  shaft  is  commenced,  it  is  necessary  to  erect  a  count-koutt 
and  store  for  materials,  a  powdcr-liouso,  and  a  carpenter's  and  blacksmith's 
shop.  At  first  a  common  windlass  and  a  pair  of  buckets  are  used,  worked 
by  hand,  for  bringing  tlie  water  and  rubble  to  the  surface  or  gram ;  but  while 
tlie  sinking  is  going  on,  a  perpendicular  windlass  or  whim  is  erected  for  the 
application  of  horse-power,  so  as  to  lift  about  three  hundredweight  at  a  time 
in.iron  buckets  or  kibbles.  As  the  deepening  progresses,  the  water  increases, 
sometimes  so  rapidly  that  the  labour  of  tlie  miner  is  of  necessity  smspended 
until  the  aid  of  tlie  steam-engine  or  water-wheel  can  be  obtained. 

■g4«ii«n  Operations. — ^Tho  square  form  of  the  shaft,  while  it  absorbft 
more  timber,  and  is  of  a  weaker  section  than  the  circular,  affords  great  &cili- 
tics  for  timbering  up  weak  places.  This  is  done  by  a  scries  of  close  vertical 
timbers,  maintained  in  position  and  strengthened  at  intervals  of  a  few  feet  bj 
interior  frames,  made  of  logs  of  Norway  timber.  The  quantity  thus  annually 
consumed  in  mining,  in  Cornwall  and  Devon  alone,  is  estimated  to  amount  to 
a  million  and  a  half  cubic  feet.  For  fifteen  or  twenty  fathoms,  a  wooden  wind- 
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tught  by  hand,  serves  to  draw  np  the  broken  material  and  let  down 
cles  as  may  be  required. 

V  this,  the  sinking  is  prosecuted  for  a  few  ftithomB  by  a  horse-whim, 
IS  it  ia  termed  in  the  northern  districts.  The  sinking  of  a  shaft 
hard  ground,  is  a  tedious  and  costly  operation.  When  prosecuted 
night  continuously,  a  £9W  feet  is  all  that  ten  or  twelve  men  can  pene- 
two  months.  The  outlay,  under  such  circumstance,  often  amounts 
r  j£60  per  fathom.     Gunpowder  is  in  constant  requisition  to  dislodge 

which  not  unfrequently  is  so  hard  as  to  require  the  entire  quantity 
sted,  a  small  fragment  at  a  time.  The  tools  used  by  the  miner  are 
erous,  comprising  the  heavy  steel-pointed  pick,  shovel,  wedges,  or 
sel,  or  bowyers  (borers) ,  hammer,  and  the  small  instruments  required 
g.     The  operations  in  sinking  are  principally  confined  to  drilling  the 

blasting,  disposing  the  charges  of  powder  in  such  manner  that  the 
'  successive  blastings  shall  cany  the  shaft  down  the  required  dimen- 
hout  largely  employing  the  wedge  and  pick.  This  is  done  by  drill- 
le  bottom  of  the  shaft,  in  such  a  manner  as  shall  clear  away  the 
mount  of  obstructive  rock,  with  the  greatest  economy  of  labour  and 
The  broken  ground  is  filled  into  iron  buckets,  or  kibbles,  and 
•  the  surface.  A  sketch  of  the  horse-whim,  by  which  this  is  generally 
ihallow  mines,  is  appended  in  Fig.  4. 


Fig.  4. 

hisel  for  drilling  rocks  consists  of  a  steel -pointed  bar,  one  to  one  inch 
If  wide  at  the  point,  and  three  to  five  feet  long ;  this  is  held  firmly  in 
by  one  man,  and  struck  on  the  head  with  the  hanuner  by  auotlier ; 
each  blow  it  is  turned  partly  around,  to  clip  off  a  fresh  bit  of  rock, 
rith  great  economy  of  material,  the  borer  has  been  made  entirely  of 
r  the  rock  is  of  medium  hardness,  an  hour  or  two  suffices  to  drill  it  to 
of  two  or  three  feet.  In  the  hardest  rocks,  the  same  number  of 
I  a  common  rate.  Water  is  used  in  some  districts  to  facilitate  the 
the  drill ;  in  others  the  operation  is  a  dry  one.  When  drilled  to  the 
depth,  the  hole  is  dried  witli  some  fine  clay  tightly  rammed  down 
or  by  wads  around  the  cleaning-rod.    The  charge  of  powder  is  now 
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carefull}'  coxiTcyed  to  the  bottom,  oiid  the  point  of  &  copper  needle-bar, 
reaching  along  one  side  to  the  top,  placed  in  contact  \rith  it    On  the  pow> 
der  the  tamping  is  laid ;  tliis  consists  of  any  convenient  material  snfS- 
ciently  hard  to  bear  heavy  tamping,  yet  of  sach  a  nature  as  not  to  strike  fixe    | 
with  the  bar  used.     The  needle  is  now  withdrawn,  and  a  msh  ttuin  hud  m    ' 
commimication  with  the  charge.     Bushes  are  prepared  for  the  purpose    i 
by  sphtting  down  one  side,  extracting  the  pith,  and  filling  the  interior   I 
with  fine  powder;  when  the  sides  close  and  secure  it  by  their  elastici^.   I 
The  length,  including  the  portion  in  the  hole,  is  required  to  be  such  that  after   ^ 
lighting  it,  the  burning  don-n  to  the  charge  shall  afford  ample  time  for  the    ; 
workmen  to  reach  a  place  of  safety.    Commonly  thA  men  contrive  to  have 
several  holes  ready  about  the  same  time,  and  by  setting  fire  to  the  trains 
simultaneously,  economise  time.    If  from  any  cause  a  hole  misses  fire,  it   > 
should  be  abuidoned,  and  another  drilled  out  of  contact  with  it.    Sicking  out,    I 
even  with  a  copper  needle,  is  at  best  a  dangerous  operation.  I 

Of  late  years  the  risk  of  hanging  fire  through  damp  and  imperfect  fiuei  | 
has  been  greatly  diminished  by  using  canvas  cartridges  pa3-ed  over  with  '• 
boiled  pitch  or  caoutchouc.  Gutta-percha  also  has  been  employed  for  the 
same  purpose ;  and  though  an  expensive  material,  for  wet  shafts  it  is  an  in- 
valuable  acquisition  to  the  miner.  Water-proof  safety  fuses  in  long  lengths  < 
are  now  used  tliroughout  Devon  and  Cornwall,  to  tlie  entire  exclusion  of  the  * 
rusli  and  straw  fuse,  wliich  have  rendered  the  occurrence  of  accidents  from  the  | 
premature  explosion  almost  unknown. 

At  considerable  depths,  the  quantity  of  water  met  with  requires  the  drop* 
ping  of  pumps  and  the  erection  of  a  steam-engine  for  their  operation.    Draw- 
ing water  from  the  mines  in  Devon  and  Cornwall  is  invariably  performed  with    J 
the  plunger  force-piunp ;  and  where  steam  has  to  be  employed,  the  single-    ; 
acting  steam-engine  is  the  motive  power.    A  mtyority  of  the  mines  yield  luge    ' 
quantities  of  water ;  the  larger  ones  frequently  yielding  at  the  rate  of  :3000  or    j 
tSOOO  gnlluus  per  minute,  the  greater  portion  from  deep  springs.    This  large    • 
yield  of  water,  coupled  with  the  comparatively  high  price  of  the  fuel  used    | 
under  the  engine-boilers,  led  to  the  attainment  of  considerable  efficieiicx   ! 
twenty  or  tliirty  years  ago  in  the  single-acting  pumping-engines.    By  cui^ 
fully  clothing  the  boilers  and  steam-pipes,  and  using  to  a  considerable  extent 
the  expansive  action  of  the  steam,  the  consumption  of  cool  under  the  boilezi 
was  reduced  to  two  or  three  pounds  per  horse-power  per  hour.   Steamenginei 
in  other  districts  were  at  that  period  using  largo  quantities  of  fuel,  in  soma 
instances  twenty  pounds  the  horso-powor :  lately,  great  improvements  have 
been  made  in  these  engines,  and  a  consumption  of  fuel  not  greater  than  pre- 
vails in  Cornwall  is  very  common.    Taking  engine  and  pump-work  together, 
however,  though  the  erections  are  often  of  a  temporary  character,  the  system 
of  unwstering  the  deep  mines  of  Cornwall  is  immeasurably  superior  to  that 
pursued  in  the  midland  and  uortliem  districts. 

The  force-pump  employed  consists  of  a  cast  iron  plunger  turned  on  the 
outside,  and  fitted  inside  with  a  single  piece  of  pine,  which  projects  at  one 
end  sufhciently  to  attach  it  by  numerous  clumping-bolts  to  tho  main  pump-rod ; 
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tlie  plunger  works  into  a  cost-irou  barrel}  of  one  or  two  inclies  larger  diameter, 
Uirougb  an  air-tlglit  stufiingbox  at  top.  At  tlie  bottom  the  barrel  communi- 
cates with  boxes  coiitainiug  iulet  and  outlet  valves.  Admission  of  tlie  water 
to  the  pluuger  case  is  obtained  through  a  perforated  pipe  ("  windbore  "  of  the 
Cornwall,  "  snore-pipe"  of  the  Welsh  miner),  in  order  to  filter  the  water  of 
any  substance  likely  to  impede  the  action  of  the  valves.  These  are  sometimes 
made  of  leather,  strengthened  by  a  pair  of  iron  plates,  for  short  lifts ;  but 
plungers  forcing  a  liigh  column  are  now  generally  fitted  with  compound 
metal  valves,  bearing  on  soft  metal  rings.  Since  a  column  of  water  presses 
with  a  force  of  one  pound  to  the  square  inch  for  every  twenty-six  inches 
of  height,  the  augmentation  of  pressure  within  the  lower  pipes  places  a  limit 
to  the  height  which  one  single  plunger  and  one  set  of  cast-iron  pipes  are  capable 
of  safely  deUvering  the  water.  Eighty  yards  may  be  considered  a  high  lift 
for  one  plunger;  where  the  water  has  to  be  lifted  higher,  the  total  height  is 
divided  between  two  or  more  force-pumps,  working  off  the  same  main-rod,  the 
lowest  set  delivering  the  water  into  a  cistern  for  the  next  in  elevation ;  and  so 
on.  This  is  the  system  pursued  in  the  deep  Cornish  mines,  where  may  be 
■een  eight  or  ten  pumps  in  depth,  each  lifting  the  water  to  the  height  of  its 
division  of  tlie  shaft,  and  actuated  by  a  common  rod  irom  the  engine.  With 
a  lift  of  eighty  yards  the  plunger  case,  valve  boxes,  and  lower  tier  of  pipes, 
work  with  a  pent-up  pressure  of  nearly  110  lbs.  to  the  square  inch. 

In  very  many  mines  tlie  acidity  of  the  mineralized  vraiet  acts  most  in- 
jnrioasly  on  the  metal  with  which  it  may  come  in  contact.  To  prevent  tlieir 
speedily  becoming  unserviceable,  the  pump  casuigs,  boxes,  pipes,  and  parts 
of  the  well  work  of  the  engine,  are  lined  with  wood.  The  arrangement  of  the 
pnmp,  rod,  pipes,  and  connections  of  a  lift  in  a  large  shaft,  form  most  impor- 
tant features  in  many  operations;  but  tliese  belong  so  exclusively  to 
mechanical  engineering,  that  we  must  not  dwell  further  on  the  subject  here. 

The  explorations  on  the  lode  are  usually  commenced  on  attaining  a  depth 
of  twenty  fathoms,  or  sooner  if  its  metalliferous  character  seems  to  warrant 
ito  removal.  This  is  done  by  driving  a  short  crosacnt  to  the  lode,  and 
proving  its  character  by  driving  a  level  in  each  direction  with  just  sufficient 
liM  to  drain  freely  to  the  shaft.  If  promising  a  fair  )*ield  of  ore,  tliese  levels 
may  be  prosecuted  a  considerable  distance.  In  estimating  the  richness  of  a 
lode,  miners  are  accustomed  sometimes  to  give  its  widtli,  and  tlie  number  of 
tons  of  ore  per  fathom  which  it  yields  in  driving  the  level ;  at  other  times  the 
money  value  to  the  proprietors.  Meanwhile,  tlie  sinking  of  the  engine-shaft 
la  continued,  and  ten  fathoms*  deeper  communication  is  again  made  with  the 
lode  and  level  driven  on  it ;  these  are  prosecuted  according  to  their  presumed 
Talue.  Communication  is  also  opened  at  regular  intervals  between  the  levels, 
by  means  of  small  shafts  termed  "  winzes."  By  the  horizontal  levels  and 
rertical  shafts  at  set  distances  apart,  the  portion  of  the  lode  explored  is  cut 
Tertically  into  a  number  of  square  blocks.  At  each  succeediug  ten  fathoms 
similar  communications  are  made,  and  levels  driven  to  prove  the  value  of 
thclndc.  In  a  well  laid-out  and  fairly  managed  mine  the  sinking  of  the 
shafts  and  prosecution  of  the  levels  are  conjointly  carried  on  to  an  extent 


sufficient  to  develop  its  riches,  and  cause  a  progressive  increase  in  the 
quantity  of  ore  ground  exposed. 

The  sinking  of  slinfts,  driWng  of  levels,  and  work  of  a  similar  nature,  is 
called  "  network,"  and  is  uudertiikcn  at  per  cubic  fiithom  down  or  forward. 
Tlie  contracts  are  for  two  montliB.whon  they  are  again  re-let  at  Dutch  ancdon  ' 
to  the  lowest  bidder  for  a  further  teim  of  two  months,  with  a  strict  or  limit  of 
cxtont  of  work,  to  provide  for  an  alteration  of  character  of  ground  firom  difficult   > 
to  easy  work.    This  competition  system  results  in  the  work  being  performed   ' 
on  very  economical  terms.    The  price  paid  includes  all  expense,  save  drawing   ' 
off  the  water ;  the  costs  incurred  for  iron,  steel,  smithwork,  powder,  fuses,  and 
tools  generally,  and  for  drawing  and  removing  the  material  cut,  are  deducted 
from  the  sum  accruing  at  the  letting  price.  I 

The  extraction  of  the  ore  is  principally  performed  by  a  class  of  contractors 
called  '*  tributers,"  who  in  pairs  or  cores  of  from  two  to  eight  or  ten  men  and 
boys,  undertake  tlie  working  of  a  piece  of  ground  on  condition  of  securing  t 
stated  proportion  of  tlie  proceeds  of  their  ore.    The  miners'  share  varies  with 
tlie  apparent  richness  of  the  *'  pitch  "  or  block  of  ground  which  they  have 
taken.    If  the  lode  ia  rich  and  easy  to  work,  sixpence  or  a  sliilUug  in  the    i 
pound  may  be  the  tributer's  portion ;  if  of  average  richness,  he  will  have  four   | 
or  five  shillings :  a  poor  lode  in  hanl  ground  lets  at  from  ten  to  thirteen   ! 
shillings  in  tlie  pound  sterling,  and  at  tliis  high  proiiortion  may  scarcely    ; 
afibrd  a  bare  living  to  the  tributers.    The  contracts  tor  tlie  extraction  of  the 
ore  are  submitted  to  a  similar  auction  and  competition  amongst  tlie  miners 
as  the  network,  the  lowest  bidder  having  the  contract.   To  prevent  coUosion    , 
amongst  the  assembled  men,  the  agents  place  a  reserve  price  on  each  con-    ; 
tract,  which  is  afterwards  opened,  and  the  miner  has  the  option  of  accepting 
tlie  lesser  price  or  thro^ving  up  tlie  contract. 

The  ores  broken  by  tlie  tributer  are  filled  into  iron  tram-waggons,  mnmng 
on  rail  bars,  and  conveyed  by  boys  to  the  shaft,  where  they  are  removed  into 
buckets,  or  kibbles,  and  draivii  to  tlic  surface.  Iron  buckets  with  aingle-line 
cliains  are  generally  used  in  drawing  the  ores,  but  of  late  years  a  few  shafts 
have  been  fitted  mth  boxes  suspended  by  flat  hempen  ropes.  These  ropes 
are  made  by  sewing  together  four  or  six  small  round  ropes,  with  the  twiat 
laid  alternately  in  eacli  direction.  At  the  top  of  the  sliaft  the  contenta  of 
the  buckets  are  transferred  to  another  tram-waggon,  and  removed  to  fhi 
dressing  floors. 

It  may  be  observed  tliat  in  bringing  the  ores  to  the  surface  from  deep 
mines,  the  apparatus  used  in  Cornwall  is  greatly  inferior  to  tliat  in  use  in  tho 
Welsh  and  Newcastle  coal  districts.  No  perceptible  improvements  have  been 
made  in  Uiis  department  witliiii  the  present  century,  tliough  ample  room 
exists ;  and  tlio  introduction  of  tlic  modes  practised  in  otlicr  districts  ua« 
questionably  would  greatly  diminish  tlic  cost  of  drawing  the  ores.  The  sub- 
stitution of  steam  for  human  power  in  letting  down  and  adjusting  the  ixinder- 
ous  pumps  and  rods,  though  practisud  for  some  twenty  years  in  Wales,  has 
only  been  adopted  in  Comwiill  within  tlie  last  three  or  four  years. 

Descent  to  the  SCinss, — Access  to  tlie  underground  workings  is  ob- 


DESCENT  TO  THE  MINES. 


93 


tained  by  narrow  ladders  placed  in  the  large  or  Bmnp-shafb,  or  in  smaller 
ones  termed  footway  sliafts ;  veiy  frequently  they  are  placed  nearly  perpen- 
dicular, and  accidents  from  foiling  off  are  conmion.  In  addition  to  the  direct 
loss  of  life  by  accidents,  the  waste  of  life  and  labour  in  the  toilsome  ascent 
firom  the  deep  mines  after  the  day's  labour,  is  very  much  greater  than  is  com- 
monly  supposed.  If  we  estimate  a  miner  to  weigh  with  his  dress  and  accou- 
tremeoats  186  lbs.,  and  the  ascent  to  be  made  from  a  depth  of  200  fathoms 
below  the  sur&ce — not  an  unusual  circumstance,  since  several  mines  are 
more  tban  300  fathoms  deep — ^the  muscular  power  exerted  during  his  ascent 
it  equal  to  the  lifting  of  one  hundred  tons  one  foot  high.  This  is  not  an 
extreme  case :  many  men  do  more.  Taking  the  wholtf  of  the  mines,  and 
iheir  medium  working  depth,  it  will  be  found  that  the  miner's  strength  is 
taxed  to  the  extent  of  lifting  fifty  tons  one  foot  high  in  order  to  place  him- 
self  on  the  surface  ;  and  from  the  mine  ho  may  have  to  walk  two  or  three 
milea  to  his  dwelling ;  but  tliis  portion  of  his  labour,  of  course,  forms  no  part 
of  the  defects  of  the  mining  system. 

An  attempt  has  been  made  to  remedy  this  waste  of  labour ;  but  the  defec 
five  way  in  which  it  was  made  has  prevented  more  than  one  or  two  applica- 
tions of  machinery  to  the  purpose.  The  plan  adopted  (in  three  or  four  mines 
only,  oat  of  as  many  thousands)  consists  in  suspending  wooden  rods  at  the 

end  of  a  working  beam  capable 
of  communicating  a  stroke  of 
twelve  feet;  either  one  or  two 
rods  being  used.  Secured  to  the 
wooden  rod  are  small  platforms, 
tlie  length  of  the  stroke  apart, 
of  a  size  su^dcient  for  the  stand- 
ing of  two  men;  on  a  second 
rod,  or  secured  to  a  standing 
timber  (Fig.  6),  are  correspond- 
ing platforms,  which  arc  directly 
^     -  opposite  those  on  the  rod  when 

it  is  at  the  bottom  and  top  of  its  stroke.  If  two  rods 
are  uatid,  tho  connections  are  so  made  that  the  weight 
of  one,  balEuiceg  that  of  the  other.  The  operation  of 
Ulo  ranching  is  v^ry  simple :  a  man  standing  on  the 
upper  pktfonn  descends  twelve  feet  with  the  down- 
stroke  of  the  rod,  and  steps  on  to  the  opposite  plat- 
form; if  a  aintfliTod  machine,  he  here  waits  tho 
retuTQ  down  ^stroke,  and  getting  on  tiie  second  plat- 
form,  descends  a  second  twelve  feet.  This  changing 
^*  from  the  fixed  to  tho  moving  platform,  and  vice  versa, 

is  repeated  until  tho  required  depth  is  attained.  With  two  rods  the  time  lost 
in  waiting  does  not  occur :  by  stepping  from  one  to  the  other,  he  descends  in 
half  the  time.  The  ascent  is  made  by  going  on  the  platfionn  when  the  rod 
is  at  its  lowest  stroke,  and  continuing  this  order  upwards.    Steam  or  water- 
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power  is  required  to  Tunintain  the  machine  in  motion  dnzing  the  day ;  but 
if  well  balanced  and  imnecessoiy  friction  is  avoided,  the  power  absozbed 
ifl  not  great. 

The  great  defect  of  the  apparatos,  and  to  every  appearance  an  inaiir 
motmtable  obstacle  to  its  genezal  adoption,  is  its  great  cost  It  is,  in  iaCt,  to 
costly  that  very  few,  even  of  the  highly  remunerative  mines,  can  afford  to 
expend  so  much  capital.  In  a  commercial  point  of  view,  even  the  nneer 
tointics  of  mining  ore  such,  that  a  positive  evil  of  great  magnitude  is  endued 
because  the  proprietors  know  not  how  long  it  may  be  advisable  to  proaecnta 
the  mine.  The  prospects  of  the  mine  may  in  a  few  weeks  alter  to  soch  an 
extent  as  to  cause  its  abandonment. 

To  tlio  experienced  coal  and  iron-stone  miner,  the  whole  of  the  Comish 
system  of  drawing  ores,  and  ascending  from  mines,  appears  rude  and  bar 
barous  in  the  extreme ;  it  is  only  one  step  removed  from  the  notched  tree  d 
the  savages  of  the  Southern  Ocean.    The  mines  of  the  continent  are  nowiM 
superior ;  yet  the  capital  expended  on  this  rude  system  is  much  greater  than 
is  laid  out  on  the  most  highly-finished  coal-pit  apparatus,  which  combines  in 
one  a  safe  and  rapid  conveyance  for  the  miner  to  and  from  the  surfSnce,  and 
an  infinitely  cheaper  method  of  drawing  the  minerals.  A  system  which  foroei 
men  to  climb  hundreds  of  fathoms  daily,  in  addition  to  their  ordinary  labonr,    ! 
ought  no  longer  to  exist    Doubtless  tlie  force  of  example  will  eventually    ; 
lead  to  tlie  alterations  required  to  raise  Uiis  port  of  the  Comish  mining    I 
system  to  a  level  witli  otlier  districts.  I 

▼•ntilatlon  of  Underground  Workings. — Hitherto  few  systematic  a^ 
tempts  havo  boon  made  to  supply  tlie  miner  with  the  requisite  quantity  of    ; 
atmospheric  air,  and  the  consequences  are  seen  in  the  largo  proportion  of 
fixed  air  in  a  moiety  of  the  workings.    This  inattention  to  a  matter  of  snob 
vital  imijortance  to  the  lieolth  of  the  miner,  is  inexcusable  in  every  respect    ' 
A  current  of  atmospheric  air  is  conducted  tlirough  narrow  tortuous  passogefl 
of  several  miles  in  extent,  with  such  facility  and  at  such  trifling  expense,  that 
no  reason  con  bo  addnced  why  one-half  of  the  miners  in  Cornwall  and  Devon    : 
should  bo  working  in  a  liighly  poisonous  atmosphere.     To  a  miner  from  the    ' 
midland  or  nortiiom  clistiicts,  the  a|)atliy  exliibited  on  this  point  is  remark-    ; 
able.    In  no  part  of  the  world  where  miiung  has  been  prosecuted  can  greater 
indiiTercncc  be  seen.    The  movements  of  the  drawing  and  pumping  apparatoa 
produce  trilling  currents  in  the  shafts ;  but  tlio  workmen  at  the  extreme  ends    : 
of  levels,  the  bottoms  of  niuzes,  and  the  adjacent  pitches,  are  left  to  the  but    '. 
rounding  stagnant  air.    This  acts  on  tho  organs  of  respiration,  prodnoxDg 
consumption  and  other  allied  diseases,  wliicli  carry  off  the  miner  in  the    , 
primo  of  life.    As  a  class,  they  are  robust  and  naturally  less  liable  even  than 
seamen  to  sucli  diseases;  but  such  is  the  pernicious  effects  of  the  impure  air 
tlioy  breathe,  and  the  barbarous  mode  of  ascending  from  the  bottom,  that 
fifty-two  per  cent,  die  of  consumption  in  a  county  where  the  pcr-centage    . 
amongst  agricultural  and  other  surface  labourers  amoimts  only  to  twenty  in    | 
the  worst  localities.     Seventeen  per  cent,  of  tlic  mind's  meet  with  a  violent    | 
doatli  from  accidents  in  mines.    At  a  moderate  computation,  nearly  000  lives    I 

I 
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Uessly  sacrificed  azmoally  from  one  disease  only.  Its  insidious  ad- 
>n  the  constitution  are  conunonly  nnperceived  by  the  miner,  who 
tly  abandons  the  unventilated  mine,  and  finally  succumbs  to  its 
it  unnoticed  in  a  county  where  human  labour  and  life  are  valued  at  a 
'  rate.  Compared  with  this  wholesale  waste  of  human  life,  the  loss 
idents  and  explosions  in  coal  mines,  with  ten  times  the  number  oi 
is  perfectly  insignificant. 

IB  this  the  only  waste  of  life  in  the  Cornwall  mines.  From  a  fnlse 
economy,  the  dressing  operations  are  performed  principally  by  young 
stationed  in  open  sheds,  or  altogether  exposed  to  the  inclemency  of 
her  in  bleak  districts.  Amongst  these,  consumption  is  scarcely  less 
it  than  amongst  the  miners ;  while  the  mass  of  disease  transmitted 
posterity  is  too  painful  to  contemplate. 

absence  of  ventilation  seriously  operates  against  the  economical  pro- 
of several  mines ;  the  miners  are  unable  to  stand  the  usual  nnmber 
1,  frequent  relays  are  required,  and  the  ultimate  outlay  is  augmented 
iter  ratio  than  the  number  of  men  employed.  Instances  have  occurred 
he  sum  offered  for  driving  levels  without  ventilation  has  been  ten 
e  value  of  the  same  work  with  pure  air,  and  this  in  places  where  the 
,th  part  of  the  excess  of  price,  judiciously  applied,  would  have  caused 
dant  supply. 

1  these  few  remarks  on  this  all-important  subject,  we  shall  leave  the 
on  of  the  mechanical  and  legislatiTe  remedy  for  these  evils  to  one  who 
tbiished  for  himself  a  claim  to  be  heard  on  the  subjeot 
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onomy  of  time  and  of  labour  is  the  object  of  all  manufacturing 
unents  which  aim  at  cheapness  of  production ;  and,  collaterial  with 
f  now  recognized,  as  an  essential  co-efficient,  the  economy  of  human 
^ere  the  demand  for  labour  in  any  special  occupation  is  small  as 
ad  with  the  supply,  a  slight  addition  to  the  wages  will  suffice  to  attract 
in,  although  more  than  coimterbalanced  by  the  exhaustion  of  strength 
erioration  of  health  which  commonly  result,  when  the  animal  iunc- 
re  unduly  taxed ;  but  in  any  great  development,  such  as  coal  and 
oing  have  undergone  in  the  last  twenty  years,  the  demand  and  cost 
rur  are  greatly  enhanced  by  the  more  rapid  wearing  out  of  the 
r.  To  render  labour  possible  &r  beneath  the  surface  of  the  earth, 
Mention  to  the  condition  of  the  workshop  is  required ;  even  to  avoid 
isary  danger,  and  to  secure  the  full  yield  of  work  for  a  given  expend!- 
time  and  labour,  such  provision  must  be  made  as  will  maintain  the 
tnd  vigour  of  the  workman  unimpaired. 
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It  ia  by  the  changes  in  the  air  that  the  operations  of  the  miner  are  chiefly 
retaxded ;  the  laws  of  ventilation  ABSome,  therefore,  a  prominent  poaitioa 
in  the  economy  of  mining.  A  minelf  excavates  a  tunnel  or  space  before  him, 
sufficiently  wide  to  allow  himself  room  to  work  and  progrebs  in  the  chei^eat 
manner.  This  excavation  serves  a  threefold  purpose — for  the  extraction  of  tlie 
minerals  by  means  of  barrows  or  trams ;  for  carrying  off  the  springs  of  water 
met  with;  and  for  supplying  the  miner  with  atmospheric  air  sufficient  to 
keep  his  candle  4>uming.  The  room  in  which  he  continues  to  work,  expands 
in  form  and  size,  according  to  the  position  of  the  minerals  which  he  finds  it 
remunerative  to  extract  In  thin  seams  of  coal,  less  than  eighteen  inches  is 
sometimes  the  whole  height  extracted ;  here  the  miner,  whilst  working  with 
the  pick,  lies  on  his  side.  In  sinking  shafts  or  driving  galleries  in  a  rock,  the 
work  is  chiefly  blasting;  and,  in  a  more  or  less  stooping  position,  the  miner 
plies  his  drill  and  hammer  to  bore  into  the  rock.  In  "  rising  a  winze," — i.^, 
making  an  air-shaft  upwards — and  in  "  getting"  nearly  vertical  metalliferons 
veins,  much  of  the  work  is  performed  overhead.  In  such  veins,  the  roods  or 
galleries  by  which  the  minerals  are  brou^t  out  from  the  working  parts,  vary 
generally  from  five  feet  high  and  three  feet  wide,  to  seven  feet  high  and  five 
feet  wide ;  but  the  height  is  ordinarily  governed  by  the  inclination  and  thick- 
ness of  tlie  productive  strata,  and  the  strength  of  the  superincumbent  rock. 
In  many  coal-mines,  it  was  a  custom,  now  happily  becoming  rare,  to  per- 
form the  underground  haulage  in  a  height  of  three  feet,  by  means  of  bojs  | 
having  harness  round  their  hips,  who  were  employed  to  draw  the  tubs— 
unquestionably  the  most  expensive  means  of  transport  that  could  be  devised. 
Forty-two  inches  is  the  lowest  gallczy  in  which  ponies  are  substituted  for 
boys ;  and  in  this  height,  numbers  of  Shetland  and  Highland  ponies  may  be 
seen  working  in  the  North  of  England  coalmines.  The  height  of  the  roads 
materially  increases  the  facility  of  ventilation.  As  the  mines  increase  in 
depth,  the  roads  or  galleries  can  only  be  reached  by  sinking  shafts  from  the 
surface.  The  sizes  of  these  vary  from  three  feet  up  to  twenty  feet  in  diameter ; 
and  at  the  Tresavean  mine  in  Cornwall,  the  depth  attained  below  grass  was 
750  yards.  There  are  four  distinct  portions  of  a  mine  which  have  to  be  con- 
sidered in  relation  to  the  ventilation, — the  shafts,  the  underground  roads  or 
galleries,  the  working  places  at  their  extremities,  and  the  old  workings  (tech- 
nically, deads  or  goafs).  These  are  all  distinguished  from  other  workshops 
by  the  peculiarities  of  temperature,  pressure,  moisture,  and  composition  of 
tlie  air — by  the  gases  and  miasmata  which  exist  in  them — by  the  absence  of 
sunlight,  and  the  mode  of  lighting — quite  as  much  as  by  the  motions  and  working 
X)ositions  of  the  miners,  which  diii'er  from  those  used  in  any  other  occupation. 
lu  the  deeper  parts  of  liis  workings,  the  miner  is  liable  to  be  stopped,  or  ove^ 
whelmed,  either  by  water  or  carbonic  acid :  in  the  higher  parts  he  may  be  sufib- 
cated  or  destroyed  by  irrespirable  and  explosive  gases ;  and  if  be  enters  but 
a  very  short  distance  beyond  tlie  point  for  supplying  the  necessary  amount  of 
atmospheiic  air,  it  becomes  deteriorated  to  an  extent  injurious  to  life. 

The  average  composition  of  tlie  atmosphere  is,  for  each  thousand  parts — 
nitrogen,  788;   oxygen,  197;   vapour  of  water,  16;   carbonic  acid  gas,  1. 
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Tho  proportions  of  nitrogea  and  oxygen  are  maintained  with  singular  exact 
nass  <m  ereiy  part  of  the  surface  of  the  globe,  even  in  the  highest  regions 
yet  reached  by  man :  a  certain  indication,  it  may  be  deemed,  of  the  necessity 
of  such  a  provision  to  the  maintenance  of  animal  and  vegetable  life.  Proferaor 
Qnham  determined  that  the  diffusiveness  of  each  gas  approximated  to  the 
laTerae  ratio  of  the  squares  of  its  density:  thus  the  relative  capability  for 
the  diAuumtKTair.nitrK^en,  oxygen,  and  hydrogen,  would  be  as  10, 10,  t)  and 
39;  bat  subjected  to  such  action  alone,  witliout  the  influence  of  the  wind  and 
other  atmospheric  currents,  the  composition  of  the  air  could  not  be  maintained . 

The  air  of  a  mine  becomes  rapidly  deteriorated  by  chemical  oombinationH 
of  TaiiouB  lands.  Strata  of  air,  carburcttcd  hydrogen,  and  carbonic  acid  gas, 
are  firequently  met  with  in  mining  operations ;  the  diffusion  proceeds  very 
Jowly,  and  an  active  current  of  pure  air  in  required  to  mix  with  and 
dilate  them.  The  breathing  of  the  men  and  horses,  and  the  products  of 
eombostion  of  the  lights,  abstract  oxygen,  and  evolve  carbonic  acid  gas. 
nitrogen,  and  aqueous  vapour.  Oxygen  is  also  absorbed  by  the  decomposi- 
tion of  various  mineral  substances,  especially  sulphurets  and  protoxides, 
Mted  upon  by  water ;  and  by  the  decay  and  fermentation  of  timber  and  animal 
mtttezs.  which  occumnlate  in  underground  workings.  Various  compounds 
of  carbon,  hydrogen,  and  sulphur  are  thus  thrown  off  into  the  air  of  the 
mine.  The  nitrogen  whicli  is  foand  mixed  with  the  carburetted  hydrogen 
exuding  from  tlie  pores  of  coal  seams,  and  the  formation  of  carbonic  acid 
gu  in  most  coalmines,  are  evidences  Uiat  the  cool  undergoes  decomposition, 
which  ftBoistB  in  impoverishing  tho  air  of  its  oxygen. 

The  annexed  table  represents  the  apcciflo  gravity  of  the  various  ga.scs,  and 
the  relative  positions  they  usually  occupy. 

XaiDH  of  GasM.                        Spec.  OrmT.  Cab.  ft.  in  1  lb. 

Hydrogen '069 189 

Carburetted  Hydrogen      .     .     .     *6d 24 

Steam  at  212^ 62 21 

Oarbonic  Oxide '972 13-4 

Nitrogen  and  Miasma      .     .     .     '976 134 

OleBant *98 13-3 

Air 100 1306 

Oxvgen 1-10 11.9 

Sulpnurettod  Hydrogen    .     .     .  1*19 11 

Carbonic  Acid 1-.52 8*6 

Sulphuroua  Acid 2'12 6 

Among  other  products  injurious  to  tiic  miner's  health  are  tlie  uncombined 
Cttbon  arising  from  bad  candles  or  from  lamp  oil,  the  miasmata  arising  from 
poBpiration  and  animal  exuvio;,  and  from  the  smoke  of  the  powder  used  in 
bbstiog.  Carbonic  acid,  carburetted  hydrogen,  carbonic  oxide,  nitrogen,  and 
nlphuretted  hydrogen,  together  witii  compounds  of  sulphur  and  potassiimi, 
forming  the  smoke,  are  tho  products  of  the  last  operation.  The  effects  of  tho 
powder  smoke,  when  not  carried  away  by  active  ventilation,  are  such  as  to 
prevent  the  miner  from  resuming  work  for  a  spncc  ranging  from  several 
Dinntcs  np  to  half-an-hour  after  a  shot  is  fired. 
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The  effects  of  breathing  in  a  confined  space  are  readily  ^ypreciated  in  « 
mine :  the  miner's  head  is  near  the  loof ,  where  the  heated  gases  stagnate  to  aa 
extent  Bometdmea  sufficient  to  extingnish  a  candle,  althoa^  it  would  bum 
freely  U  placed  on  the  floor  of  the  mine,  a  few  feet  below.  The  action  ol 
breathing  may  be  appropriately  termed  the  rentilation  of  the  blood.  The  ex 
pansion  of  the  chest,  by  the  powerful  muscles  appropriated  to  the  action  ol 
the  lungs,  produces  a  pctftial  vacuum  sufficient  to  inhale  a  portion  equal  to 
about  one-tenth  of  the  air  already  contained  in  the  chest-  Aided  by  the  circu- 
lation caused  by  a  rapid  change  of  temperature,  the  oxygen  is  brought  into  con- 
tact with  those  delicate  lal^rintliine  tissues  (the  surface  of  which  is  variously 
estimated  at  from  fifteen  to  four  hundred  square  feet),  where  the  oxidation 
of  the  particles  of  blood  is  effected.  The  average  of  a  number  of  experi- 
ments by  Vierordt,  Liebig,  and  Lehmann,  gave  330  cnbic  inches  as  the 
quantity  of  air  inhaled  per  minute ;  of  which  10  per  cent.,  consisting  of 
oxygen,  are  consumed  by  the  lungs,  and  77  to  8*5  per  cent,  of  carbonic  acid 
gas,  besides  aqueous  vapour,  are  expired.  The  weights  and  quantities  are 
thus  given  by  Dr.  Rdd : — ^Time,  1  minute.  Number  of  respirations,  20.  Air 
inhaled :  volume,  320  cubic  inches ;  weight,  9924  grains.  Oxygen  consumed : 
volume,  32  cubic  inches ;  weight,  10*94  grains.  Carbonic  acid  discharged : 
vohime,  20  cubic  inches ;  weight,  1 1*82  grains.  Carbon  evolved :  weight,  3'27 
grains.    Oxygen  in  carbonic  acid,  6'&5  grains.     Oxygen  unaccounted  for  by 


weight.  2*40  grains.    Watery  vapour:  weight,  3' 20  grains.  j 

The  oxygen  inhaled  produces  a  slow  combustion,  and  the  oxidation  in    | 
tlic  process  of  breatliing  causes  a  mild  and  genial  warmth  throughout  the 
frame.    All  vital  activity,  according  to  Liebig,  is  derived  fi*om  the  mutual    ! 
action  of  tiie  oxygen  and  the  food.    The  fourteen  ounces  of  carbon  which  are    . 
daily  burnt  into  carbonic  acid,  must  be  taken  in  food.    A  horse  bums  ninety-    - 
scrven  ounces  daily,  consuming  for  this  purpose  thirteen  pounds  three  oimoes    | 
of  oxygen.    The  food,  therefore,  should  be  in  direct  ratio  with  ihe  supply  of 
oxygen.    These  conditions,  joined  with  a  duo  proportion  of  sleep,  enable  a 
man  to  perform  a  daily  task  equivalent  to  carrying  thirty  pounds  a  distance 
of  72.000  feet    Any  causes  which  disttirb  this  balance,  produce  a  diminution 
in  the  average  amount  of  work  performed. 

According  to  the  experiments  of  Dr.  Wehrle  of  Vienna,  the  oxygen  con- 
sumed by  a  candle  per  minute  amounts  to  1 6*6  cubic  inches,  and  the  carbonic 
acid  formed  to  42  cubic  inches.  Wlicn  the  quantity  of  oxygen  is  reduced 
from  twenty-one  per  cent,  to  eighteen  or  sixteen,  an  ordinary  miner's  light  is 
extinguished ;  on  Argand  lamp  will  bum  until  the  proportion  is  reduced  to 
fourteen  per  cent. 

According  to  Professor  Hunt's  analysis  of  air  from  different  x>arts  of 
the  Consolidated  Mines  in  Cornwall,  tlie  amounts  of  oxygen  were  deficient 
by  4-75,  4,  30,  1-85,  3,  and  3-2.^  per  cent.  The  average  of  eighteen  samples 
of  air.  taken  from  different  mines  in  Cornwall,  was — 

Oxygen      .    .     .     17-007  percent.     .     .     30<J8  deficient. 

Nitrogen    .    .    .    82»4S  per  cent.    .    .    3*848  in  excess. 

CerV'Uio  acid  '0H5  per  cent. 
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■izothen — 

Oxjgen     ....  10-ai  per  cent  .  .  1*06  dcficieat. 

Nitrof^n  ....  78-7d  per  oent.  .  .  0*20  dtificieni 

Carbonic  acid    .    .  I'UO  per  cent.  .  .  I'tfO  in  excess. 

The  quantities  of  carbonic  acid  gas  in  theso  cases  may  Iiare  been  actually 
^r,  being  partly  absorbed  during  the  experiments.  Traces  of  sulphnretted 
Irogen  and  sulphurous  acid  were  also  found.  In  the  mines  of  the  Hartz 
I  following  are  t}ie  results  of  accurate  aualyscs  of  the  air  by  Brockman ; — 


In  all  tliese  cases  candles  could  bum,  and  numbers  3  and  b  were  consi- 
ed  samples  of  tolerable  ventilation.  It  is  not  uncoramou  to  meet  ^ntli 
Eances  in  mines  of  men  working  in  the  dark,  from  the  supply  of  oxygen 
ig  inadequate  to  keep  candles  alight ;  and  many  instances  might  be  quoted 
nen  sacrificing  their  lives  in  these  attempts.  In  the  endeavour  to  keep 
dies  burning,  the  fibres  of  the  wick  are  spread  out  with  tlie  thmnb-nail, 

caudles  are  held  horizontally,  and  several  are  tied  together ;  after  every 

blows  with  the  pick  or  sledge,  the  miner  turns  to  trim  the  ^vick  anew. 
■se  privations,  being  unaccompanied  with  any  acute  pain  to  tlie  miner, 
ite  lor  the  time  only  a  sensation  of  lassitude,  and  difficulty  of  prolonged 
rtion ;  but  often  is  the  melauchuly  remark  to  be  heard  from  men.  youug 
rears  but  broken  in  health  and  incapable  of  labour — "  I  worked  a  month 
kmg  in  poor  air."  It  is  certain  that  tlio  deficiency  of  oxygen  acts  in- 
0Dsly  on  the  miner's  henlth,  long  befora  ho  is  al)le  to  appreciate  tlie 
linished  intensity  of  the  hght  of  liis  candle  with  his  eye.     According  to 

Bird,  a  deficiency  of  two  per  cent,  has  been  known  to  be  destructive 
inimal  life  ;  and  according  to  Wchrle,  a  deticicncy  of  eight  per  cent,  will 
erally  caoMe  suffocation;  and  yet  tlio  ordinary  px-actice  is  to  drive  a 
iexy  or  opening  as  far  from  the  current  of  air  a.s  the  condition  of  h;.dU  will 
mit — a  distance  varying  from  20  to  100  yards,  as  it  is  termed,  *'  in  advance 
he  air." 

A  simple  means  may  be  employed  for  measuring  tlie  value  of  the  air  fur 
il  purposes  in  tlie  working- phu'cs  of  mines,  by  placing  a  wide-ncckcd 
tie,  inverted  over  a  candle  jmssed  into  the  cork,  first  in  the  pure  air,  and 
nwards  in  each  working-place.  Tlio  time,  m  seconds,  is  noted  during 
ich  the  light  will  bum :  and  an  arbitrary'  scale  is  thus  obtuined  liot\veon 
•e  air,  and  air  in  which  tlie  candle  U  extinguished,  tlic  degrees  of  which 

in  proportion  to  tlie  squares  of  the  time.  Similar  results  may  be  arrived 
by  the  combustion  of  phosphorus,  or  of  small  tajiers,  ilw  loss  in  weighs 
iaeli  being  accurately  measured. 


Deficiency. 
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The  anecdote  of  the  fifty-six  monkeys  dying  in  the  Zoological  Gardens  is 
a  large  domed  roof,  ventilated  only  along  the  floor,  illnatrates  the  effect  on 
animal  life  of  a  stagnant  atmosphere.  To  such  an  atmosphere  is  the  miner 
often  unnecessarily  condemned.  One  remark,  generally  made  daring  the 
cholera  epidemic,  pointed  to  the  want  of  thorough  ventilation  as  the  distin- 
guishing mark  of  those  houses  visited  with  its  severest  attacks.  It  is 
also  tlie  opinion  uuirersally  expressed  hy  medical  men,  mining  engineers, 
and  all  who  have  investigated  the  subject,  that  the  large  amount  of  disease 
amongst  miners  is  caused  by  the  deficiency  of  the  vital  element.  Dr.  Hanot 
obaer\'es : — "  Placed  in  &vourable  circumstances  for  observing  two  kinds  of 
working-miners  in  two  distinct  kinds  of  coal-mines — the  colliers  of  Dor.  whorp 
the  ventilation  is  good,  and  those  of  Flenu  ^Belgium)  where  it  is  slow  and 
often  neglected — I  have  arrived  at  the  conviction  that  there  existed  among 
them  an  external  physical  difference,  readily  appreciated  by  the  eye,  to  such 
a  degree  that  I  could  point  by  the  finger,  when  surrounded  by  workmen,  to 
those  who  work  at  one  or  at  the  other  description  of  mine." 

Vnd«zgroiu&d  Oas«B. — The  nitrogen  in  air  is  simply  incapable  of  sup- 
poiiing  respiration,  whereas  carbonic  acid  gas  is  an  active  poison.  Of  this 
gas  8*&  cubic  feet  weigh  1  lb.  Lights  are  extinguished  when  the  propor^ 
tion  -in  the  air  amounts  to  from  five  to  eight  per  cent.,  and  at  the  latter 
point  suffocation  ensues.  An  excess  of  1-dOOth  in  the  surfiice  atmosphere 
begins  to  exercise  an  injurious  effect;  and  the  presence  of  one  per  cent, 
indicates  air  of  very  inferior  quaUty.  Tlie  presence  of  carbonic  acid  gas  in 
mines  is  generally  accompanied  by  an  excess  of  nitrogen,  from  the  oxygen 
being  taken  up  in  the  formation  of  tlie  acid :  in  estimating  the  limit  within 
which  life  is  possible,  an  excess  in  the  air  of  4  per  cent,  of  nitrogen  -|-  4  per 
cent,  of  carbonic  acid  gas,  may  be  assumed  as  producing  suffocation. 

Carbonic  Acid  Otu, — called  also  black-damp»choke-damp,Btythe,  or  sulphur 
— is  found  chielly  in  the  old  works,  *'goafe"  or"  deads,"  of  mines.  It  is  given 
off  in  great  abundance  by  most  coal  mines,  and  by  many  lead-mines.  It  is 
the  gas  of  tlie  Grotto  del  Cane ;  and  the  Pontgibaud  lead-mine  in  tlie  Puy  de 
Dome  is  remarkable  for  tlie  difficulty  of  removing  it  by  ventilation.  In  this 
mine,  on  first  starting  the  pumps,  the  pressure  of  the  gas  with  which  the  air 
was  impregnated  was  sufiicient,  on  being  suddenly  liberated  by  agitation,  to 
raise  a  column  of  water  several  yards  in  height.  Water  will  absorb  an 
equal  voltune  of  tlic  gas.  Old  workings,  shafts,  and  drifts  in  mines,  especially 
those  which  have  an  outlet  only  on  the  upper  side,  should  always  be  entered 
with  great  caution,  from  tlic  probabiUty  of  tlieir  contaimng  tliis  gas.  A  light 
should  fii-st  be  introduced ;  and  if  it  is  extinguished,  means  should  be  token 
to  absorb  Uie  gas  either  by  water  or  liiwe-watcr ;  but,  better  still,  by  intro- 
ducing a  current  of  atmospheric  air.  If  in  tiie  bottom  of  a  well  or  shaft,  agita- 
tion may  bo  produced  sufiicient  to  mix  it  witli  the  air,  by  dropping  repeatedly 
bundles  of  brushwoo<I  or  straw,  attached  to  a  ci>rd.  In  a  recent  instance,  at 
the  Parkfield  Colliery,  two  men  were  overcome  by  carbonic  acid  gas,  which 
"stood"  in  an  ascending  drift.  Itwasouly  by  groat  exertion,  and  after  fifteen 
houi-s'  labour,  tliut  forty  yards  of  this  gas  could  be  passed  through  and  the 
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bodies  recovered,  by  two  men  holding  one  end  of  a  two-inch  gatta-i>erctia 
tube  close  to  their  mouths,  whilst  tlie  air  wau  supplied,  at  the  other  end,  by 
Biefliia  of  a  blacksmith's  bellows. 

CartmretUd  hydrogen — the  fire-damp  of  mines,  given  off  also  from  stag^ 
oant  pools  and  marshes — is  composed  of  two  volumes  of  hydrogen,  aud  one  of 
Mibon,  condensed  into  one  volume :  mixed  with  more  tliau  twice  its  quantity 
li  air,  this  gas  can  be  inhaled  without  prodacing  suffocation  ;  but  Die  intro- 
luctioii  of  flame,  or  iron  approacliing  a  white  heat,  will  explode  tlic  mixture. 
^th  leas  than  twice  its  bulk  of  air,  carburetted  hydrogen  will  not  explode,  but 
iriU  bum  or  extinguish  a  light  introduced  into  it.  When  the  proi>ortiou 
^  this  gas  forms  one-thirtieth  of  tlie  air  in  a  mine,  the  miner  begiits  tu  per- 
seive  a  pale  bine  halo  encasing  the  upper  portion  of  the  flame  of  bin  light :  this 
is  cansed  by  the  combustion  of  the  gas  immediately  iu  contact  witli  the  flame. 
Ihis  and  the  heat  generated  thereby,  cause  the  flame  to  flicker  upwards  to  a 
length  of  six  inches  and  more,  as  tlie  proportion  of  the  gas  increases  to  onc- 
GAeenth,  when  it  suddenly  explodes.  The  explosion  taJces  place  most 
ra^dly,  and  with  the  greatest  force  when  the  air  contains  one-seventh  or  oue- 
righth  of  carburetted  hydrogen ;  but  further  additions  diminish  tliis  intensity. 
rhe  fire-damp  of  mines  contains  nitrogen,  which  affects  the  above  proportions ; 
ind  the  presence  of  one-seventh  cither  of  tliis  gas,  or  carbonic  acid  gas,  will 
neutralize  the  most  explosive  mixture.  It  is  on  the  sUght  and  insuflicieut 
vaming  given  by  this  halo  or  *'  cap,"  that  the  safety  of  fii*e-damp  mines 
nmallyvdepends.  A  small  increase  in  the  escape  of  gas  from  a  fissure,  or 
from  pressure  on  the  face  of  the  coal,  the  partial  obstruction  of  an  air-way,  or 
the  leaving  open  of  a  door,  will  in  a  few  minutes  produce  a  change  of  one- 
thirtieth  in  the  composition  of  the  air,  and  bring  it  up  to  the  explosive  point. 
fo  render  the  halo  more  appreciable,  the  miner  draws  down  the  wick  to 
diminish  the  flame,  and  shades  the  Hght  of  the  lower  part  of  tlie  flame  witli 
hifl  hand.  As  increased  combustion  &om  the  presence  of  lu'e-danip  has  com- 
menced before  it  tlius  becomes  appreciable  to  tlie  eye,  the  writer  has  fitted  a 
spiral  compound  metal  tliermometer  to  the  top  of  a  safety  lamp,  which  indi- 
eatea  the  first  accession  of  temperature,  and  also  offers  a  'wide  scale  on  which 
the  proportions  of  fire-damp  may  be  quickly,  tliough  roughly,  estimated  under- 
pDOBd.  The  falling  of  the  thermometer  will  indicate  tlie  existence  of  utc- 
ipimble  gaaes. 

Carburetted  hydrogen,  when  met  with  in  metalliferous  mines,  has 
gBnetally  proceeded  from  the  decomposition  of  vegetable  matter.  It  is 
eecasionally  met  with  in  salt  mines  -.  and  in  China,  according  to  tlie  Abbe 
bnbert,  the  gae  has  been  obtained  by  boring  to  deptiis  extending  to  000  , 
ywda,  to  be  employed  for  evaporating  the  brine.  These  borings,  originally  i 
eieeated  for  brine  springs,  having  driven  off  the  gas,  it  is  protutble  that  on 
being  earned  to  a  greater  depth,  tlie  coal  measures  wliich  frequently  underlie 
the  laliferons  new  red  sandstone  had  been  accidentally  penetrated.  , 

Fire-damp,  the  general  name  for  the  impure  carburetted  hydrogen  found 
ia  coal  mines,  impregnates  even  some  of  the  silicious  and  argillaceous  rocKs     | 
interstzmtified  with  tlie  coal;  but  it  is  chiefly  from  the  pores  or  cells  of  tlie    | 
_^^^^_^_^ .  ^       _\ 
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cohI  jisL'lf  Uiiit  it  exudes.  Tlie  ritjadity  Einii  force  of  ilie  esrnp«  pi 
**siugiug"  or  wliktliut;  noifKe.  smnctimcH  hs  loud  an  llmt  of  Ifidng  c 
fruiii  a  iHiiltTn  The  pressuro  huH  been  found,  by  ^Ir.  T.  J  Tavl-jr.  aw 
to  exceed  foujr  (ukI  a  Ji^lf  atmnispliores;  aiid^^u  tLemiuf^mittiiiguDe'x 
into  itBBuras,  or  faults,  the  pent  ui>  gaa  has  otrcamnnnlly  UigcliHrgetl 
enormone  quantities  into  the  workinga.  At  tlie  Wallaeiid  collieiy  i 
fiftr  acres  iu  tlic  Bcnslittin  eeom,  frum  wliicJi  the  ptUnvs  of  coiil  were  ; 
I'f moved,  has  in  thf  lust  tivonty  hvo  years  dificliArgod  Ihroit^h  a  pipe 
to  \}i(i  ftiirfaee.  a  bulit  of  ftre-daiiif)  equal  to  seventy  times  Ih*?  volxurj 
coftl  wliiob  ori^iially  stood  tlpre.  Tiiia  araownt  vt  ga>,  whSc-li  fi>nn»  u 
Iton  to  tlie  general  ratti  of  iliBelmr^c  in  many  coUierics,  con  only  hi 
ibfived  from  other  s^tims  by  liltration  through  the  Btmtii.  Whet 
dump  ottiiiiiuiJy  exittls  in  thn  in  a  lugliJy  compressed  stHteTorift] 
\i\  tUo  cliernit^iil  d*'roi»j)0SLtioji  *A  the  coal  undiT  dimiiiishtNJ  prvseui 
BCf'eys  of  ftir,  we  problems  -aot  yet  solved  :  nor  ta  the  preBeui-e  of  nit 
all  Hro-diuiip  {deviled  us  it  nitist  be  frtJin  the  AU*)  fifttisfacti^jily  «i 
"W'sscls  hnve  b^jt'n  Mown  up  th4>us»iiid»  of  miles  from  Ed^IisIi  p 
g»si  ffonJiiminp  to  tJBeiipe  from  tlie  cuiU  lifter  shipment,  nnd  colli>L'tiii 
hi>ld.  A  It'iTiiic  explnsiwii  uctuirred  recently  in  tlie  Coriiitf  dock*,  b 
R  vessel  wfis  destroyed  and  sunk.  The  force  of  tlio  cuucusaion  w» 
n  iUstJince  of  six  miles. 

All  coal^  contHui  by  ntmlysig  n  proportion  of  hydi-AgeiiT  v^ryiog 
lip  to  7  iMT  t!*iit. :  iiiid  from  the  bitinuiiiow*  donu  to  tlie  nuthnicite,  it 
hi  ^iven  ulf.  I'ho  most  nbuudiint  ei^eape  of  ]in3  dnmp  10  not  from  tJ 
bituniinoHH  coft!s ;  and  some  of  tlie  bituminous  varietica,  genenilly  Uioe 
contiun  most  oxygen,  dlEw^hsi-^e  carbonic  acid  ^^%  va  lii^u  of  fitv-damp 

Fire  dwup  being;  iitUo  more  tlnuj  half  the  weight  of  oir  (l!4  cidii 
3  Ih,},  collecta  in  LIid  upper  pai't  of  the  i^ruUeriea  and  holloira  left  ui  I 
III  order  todiluto  And  remove  it,  it  is  necessjiry  to  introdvico  an  Mtiife 
of  )iir»  M'hiidi  is  somytimes direcUd  upwaids,  by  purt uf  a  door  or  somv 
ti<aji  placed  acro^a  the  bj^^^'or  part  of  tlio  opttiin;; ;  tliu  ouii^ls  for  LLe 
of  ftir  O-Ufl  gna  onfiht  to  be  left  at  the  hip;her  part  of  the  works. 

BilttfdrO'CiiriHin,  or  okftftiit  giis,  is  eoniposed  of  two  vohunes  of  \ 
and  tvro  of  vapour  of  em-Lon  condensed  into  one.  This  gas  has  u 
Stttisfrtdorily  proved  to  exist  in  any  English  eoal  mines :  but  1 
detectA?d  it  in  small  quantitea  in  tlio  Gcrhai-d  and  otlier  mines  near  San 
and  ill  c^unsidt'mble  quantitios  ina  lignite  mine  in  Schnumburg.  In  tl 
ease.  Dnvy  lamps,  ^\ith  R  gauze  of  a  finer  me&h,tveresaid  to  bo  requii 
tile  st?vere  pr/irticol  test  toTi^hicli  th*'  ga^in  the  Gerhard  mine  waspu 
presence  of  the  niiter,  iniUctttud  that  no  quantity  of  oletiant  gna  WM 
stUUcient  to  render  tlie  fire  damp  more  explosive  than  usual.  No  ani 
tbi'  (losca  fi-iim  mLi^es  have  hitherto  delected  tbo  presence  of  liydro^rer 
hrts  bfen  aiipposed  by  t»niie  pari^ona  tu  K'Udei'  tlie  ^aa  of  particuJa 
more  thmi  usnully  mflfimmnlde.  A  small  proportion  vrouhl  suffice  1 
this.  Cnttimon  ati-eetgns  is  ecimpofied  of  'Ht  per  eent-  of  hydrogen,  1( 
Cunt  gfts,  ilQ  of  carburctted  hydrogen,  and  10  of  carbonic  oxiik;  il 
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queutly  explodes  much  more  quickly  than  fire-damp,  and  at  a  lower  teiupora- 
tare.  For  this  reasou  many  of  tlie  experiments  which  hare  been  made  with 
itrect-g&s  on  safety-  lamps,  are  deceptive,  tending  to  bring  into  disre])ute  lampii 
irtiich  would  be  perfectly  safe  underground.  Scientific  men  have  thus,  with 
philontliropio  objects  at  heart,  unintentionally  aided  in  encouraging  preju- 
dices, which  continue  annually  to  cause  a  fearful  sacrifice  of  life. 

StUphuretUd  Hydrogen^  composed  of  equal  volumes  of  vapour  of  Bul2>hur 
lad  hydrogen,  condensed  into  one  volume,  exercises  an  extremely  deleterious 
ictioa  on  the  respiratory  functions;  it  is  tlie  most  active  of  the  gaseous 
poiaons  found  in  mines,  where  it  is  known  under  the  name  of  **  white-damp."  It 
leems  to  act  upon  the  blood  in  dcpiiving  it  of  the  elements  necessary  for 
proper  respiration.  l-ir)OO0th  part  in  the  air  is  supposed  to  act  injuriously 
on  the  constitution ;  l-*350tli  part  has  been  known  to  Mil  a  horse ;  l-ir)0()tli  a 
lard.  It  arises  itovo.  mineral  springs,  from  the  decomposition  of  minerals,  such 
II  iron  pyrites  and  tlie  excromentitious  mutters  which  accumulate  in  the  ueigli- 
bomrhood  of  working  roads  or  places  inhabited  for  many  years  continuoufily. 
Water  will  take  up  tJirce  times  its  own  bulk  of  this  gas.  Its  existence  may  | 
be  detected  by  its  blackening  white-lead,  or  paper  dipped  in  sugar  of  lead.  ' 
This  gas  is  not  unfrequently  met  with  in  entering  old  workings,  and  in  | 
most  mines  where  the  means  of  ventilation  are  very  defective.  It  explodes  | 
It  A  lower  temperature  than  fire-damp,  and  the  ordinary  Davy-lamp  is  tliere- 
ibre  not  a  sufficient  protection.  The  peculiar  smell,  resembling  that  of  rotten 
eggs,  indicates  its  presence ;  and  no  attempt  should  be  made  to  penetrate 
places  whore  it  is  perceived,  until  they  have  been  thor<.mghly  ventilated. 
Occasionally  it  commits  great  ravages  on  the  healtli  of  the  workmen.  At 
Vanneanx,  near  Mons,  water  dropping  from  the  roof  of  the  mine  raised 
lunps  on  the  akin :  and  its  effects  were  severely  felt  also  at  Wasmcs,  Tur- 
liqpu,  and  Jemmapes.  The  attention  of  medical  practitioners  in  all  mining 
districts  should  be  directed  to  it.  as,  although  three  per  cent,  of  it  may  be 
temponrilj  breathed  without  suffocation,  a  very  minute  proportion  would  iu 
time  destroy  hcaltli. 

StUphurousAcid  Goi  has  been  detected  in  the  air  of  the  mines  in  Cornwall 
ind  other  places ;  and  it  is  frequently  found  in  the  water,  which  occasionally 
oontaina  also  snlpliurio  acid.  It  is  one  of  the  products  of  blasting :  but 
judging  from  the  atmosphere  of  Swansea,  where  the  co])x>er-work8  impregnate 
the  air  with  it,  the  injurious  action  on  Uie  human  fnime  appears  to  be  but 
■nail.  Miners  are  occasionally  destroyed  by  this  gas  mixing  with  carbonic 
oxide,  and  the  other  products  oaused  by  the  firing  of  timber  or  coal,  or  by  the 
^ntaneous  combustion  of  old  goafs  and  wastes.  The  accidents  which  have 
occurred  show  that  peculiar  caution  ia  required  in  approaching  imdergmund 
fins.  The  heaps  of  small  coal  left  underground  in  some  mines,  especially  of 
those  seams  which  contain  much  oxygen  or  iron  pyrites,  are  apt  to  take  fire 
from  the  heat  produced  by  decomposition  witli  moisture.  These  H*astcs  must 
either  be  closed  from  the  contact  of  air,  as  is  done  at  the  Moira  coUierics,  by 
liz4i^t  puddled  clay  walls ;  or  tliey  must,  from  the  tame  the  cool  is  first 
nmored,  be  freelv  vontilitad  in  every  part.    Salts  of  various  metals,  such 
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as  zinc,  iron,  arsenic,  &c.,  may  frequently  be  found  eiystallizing  on  the  sofr 
fiaces  of  rock  in  mines,  being  deposited  by  tiie  vapours  given  off;  but  they 
produce  no  injurious  effect  which  moderate  Yentilation  will  not  remove.  Her- 
corial  vapours  are  perhaps  the  only  underground  emanations  which  a  well-d»- 
tributed  current  of  pure  air  will  not  render  alb^ther  innocuous. 

VwmpntLUa;  FvsHwta,  Kolstwre,  and  Dust, — The  temperature  of 
the  rock  increasing  according  to  the  depth,  affects  both  the  health  and  labour 
of  the  miner,  and  plays  an  important  part  in  the  ventilation.  The  extensive 
experiments  of  Mr.  W.  J.  Henwood,  conducted  in  the  Cornish  minea,  are 
summed  up  in  the  following  table,  which  exhibits  the  difference  between  the 
temperatures  of  granite  and  slate  rocks : — 

Tonpcntnro 
Depth  in  Fathonu.  In  Slate. 


Sur&ceto    50 &7" 

50  to  100 61-3 

100  to  150 68 

l&0to200 78 

300  and  upwards  .    .    .  85*6 


IitOraiilte. 
.     ftl-6 
.     55-8 
.     65*5 


81-8 


The  depths  causing  increments  of  temperature  of  one  degree  are  given  in 
the  next  table,  commencing  with  a  normal  temperature  at  the  surface  of  00*, 
which  corresponds  nearly  with  the  temperature,  03°,  observed  in  the  caves  of 
the  Observatoiy  at  Paris,  at  a  depth  of  ninety -two  feet. 


^ 

J-s 

m 

Depth. 

.^ 

i 

1 

J 

1 

i 

3 

11 

i 

s 

" 

CO 

fi 

d 
■^ 

1" 

s 

i:^ 

PlD8. 

Fms, 

Fme. 

Fma. 

Fms, 

Feuj. 

Fnu. 

FtOA, 

Fms. 

Surface  to  00  fathoms       .     . 

ua 

00 

&a 

S2 

60 

80 

05 

4-0 

6  8 

50  to  100  fathoms    .... 

9-x 

rj 

81 

00 

S3 

73 

64 

8-5 

7-6 

100  to  ]  50  fathoms      .     .     . 

8-3 

6-3 

0-7 

110 

78 

e-5 

10-5 

BO 

8-7 

160  to  200  fathoms      .    ,    . 

— 

4-4 

37 

4-9 

6-3 

— 

30 

4a 

45 

2O0  fathoms  and  beyond  .     . 

7-5 

ft-5 

95 

3-9 

62 

5-1 

— 

60 

64 

8'5 

62 

6T 

68 

fl-7 

7-3 

Bfl 

64 

0-8 

The  temperature  of  the  water  issuing  from  the  Artesian  well  of  QreneUOp 
600  yards  in  depth,  is  82°,  being  an  increase  of  l"  per  59  feet  in  depth.  The 
result  of  a  series  of  experiments  at  the  Dnkinfield  deep  pit,  in  Lanoashire, 
gives  1*  per  51  feet  as  the  increment  of  temperature.  The  mean  of  a  number 
of  observations  on  springs  issuing  in  the  colUeries  of  the  north  of  En^^and, 
gives  1"  for  48  feet  in  depth ;  whilst  for  several  mines  in  Saxonvi  Huelgoat 
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itteny,  Gtununiato  in  Mexico,  and  a  shaft  in  Siberia,  the  depths  coc- 
ikding  to  this  alteration  in  the  temperature  of  the  rock  of  the  mine  are 
rtirely  77  fieet,  47  feet,  86  feet,  and  SO  feet,  exhibiting  considerable  vaii- 
I,  which  local  drcamstances  will  in  some  measnre  explain.  An  isother- 
ne  near  the  earth's  surfiice,  in  passing  under  a  mountain,  will  be  de- 
1  bam  its  conrse  without  attaining  parallellism  to  the  outline  of  the 
tain.  Tin  lodes  are  generally  some  degrees  cooler  than  copper  lodes  at 
me  depth ;  and  an  onizsuaUy  high  temperature  is  ordinarily  accepted 
indicatbn  of  large  deposits  of  copper.  An  example  of  this  has  been 
ited  for  BOYeral  years  in  the  north  or  hot  lode  of  the  united  mines, 
t  springs  enter  at  temperatures  even  as  high  as  116",  at  a  depth  of 
ithoms.  In  consequence  of  the  insufficient  ventilation  (hardly  adequate 
fp  a  candle  alight),  the  temperature  of  the  air  in  which  the  men  worked 
I  from  100*  up  to  lis".  Three  relays  of  men  relieved  each  other  at 
als  of  five  minntes ;  and  on  coming  out  were  deluged  with  water  issuing 
onperatore  of  B3*  from  a  four-inch  pipe. 

le  small  quantity  of  air  supplied,  was  heated  to  95^  before  it  was  sent  in 
1^  a  pipe;  whereas  ten  times  the  amount  of  air  taken  at  70°  from  another 
f  the  mine  might  have  been  readily  carried  into  the  level  end,  so  as  to 
the  temperature  of  the  working  places  below  Sb".  Fifteen  minutes 
I  atmosphere  is  sufficient  to  produce  the  sensation  of  feinting — ^in  one 
Lce  it  resulted  in  death ;  and  the  cost  of  driving  the  levels  is  multiplied 
B  than  twelve  times,  by  the  neglect  of  the  proper  means  and  appliances 
atilation.  The  miners  on  returning  to  the  surface  from  this  mine, 
much  from  cold  and  pains  in  the  joints.  Humanity  recoils  at  this 
essaiy  waste  of  health  and  life. 

le  temperature  of  the  air  in  Cornish  mines,  at  great  depths,  has  been 
lUj  found  to  exceed,  by  some  degrees,  the  temperature  of  the  lode ;  tliis 
olj  be  attributable  to  the  heat  given  off  by  the  men  and  the  lights, 
I  a  proof  of  the  stagnant  state  of  the  air.  Thus,  in  Tresavean  the 
It  204  &thoms,  exhibited  from  83"  to  85" ;  the  air  86^  In  the  Consoli- 
Mines  in  Cornwall,  at  250  and  287  &thomB,  the  temperature  of  the  rock 
f  and  93" ;  the  temperature  of  the  air  respectively  87"  and  94*.  At  the 
thorn  level  the  air  stood  at  from  94"  to  90**,  whilst  the  rock  exhibited 
0  0$^*.  The  air  in  these  two  mines  has  been  observed  at  temperatures 
h  as  95*  and  08*  respectively.  In  the  Monkwearmouth  Colliery,  the 
it  coal-mine  in  England,  at  300  fathoms  the  returning  air  has  been  known 
!h  69*,  although  its  ordinary  nmge  is  from  78°  to  80* ;  but  it  is  remark- 
Bkongst  the  great  north  of  England  collieries  for  the  small  and  inade- 
amonnt  <tf  fresh  air  which  can  be  passed  up  and  down  its  single 

e  retom-afr  of  well- ventilated  mines,  whilst  the  men  are  at  work, 
ordinarily,  at  a  depth  of  400  yards,  between  62*  and  68**,  which  repre- 
te  temperature  of  the  working- places,  either  in  summer  or  winter.  The 
.  the  amount  of  work  performed  at  high  temperatures,  offers  a  large 
cm  for  attention  to  underground  ventilation;  and  yet  comparatively 


106 


srvECTS  or  bstubk  aib. 


Jew  of  the  managen  of  mines  imderetaud  the  principles  which  govern  tbi 
motions  of  the  atmosphere.  Coulomb  caused  extensive  worka  to  be  execatet 
by  the  troops  at  Martinico,  where  the  thermometer  is  seldom  lower  than  7T  o 
Fahrenheit.  "I  have  executed,"  he  says,  "  worka  of  the  fiaxaa  kind  hy  thi 
troops  in  France*  and  I  can  affirm  that  under  the  fourteenth  degree  of  latitude 
where  men  are  almost  always  covered  with  perspiration,  they  are  not  oapabli 
of  doing  half  the  work  they  could  perform  in  our  climate." 

The  following  table  illustrates  the  changes  of  temperature  exhibited  b; 
the  air  in  passing  through  the  Marquis  Pit : — 


At  the  surface 

At  120  yards  deep 

At  240  yards  deep 

Horse- road  between  shaft  and  work 

The  workings 

In  the  gobbing  or  floor  .... 
Salt  water  in  the  air-way  .... 
In  the  egress  airway 


Men  and  lads  in  the  pit 

Horses 

Candles  lif^htcd    .     .     . 


Fah. 

Fah. 

Pah. 

tsh. 

TQ** 

82' 

br 

50" 

78 

60 

55 

51 

08 

50 

55 

5a 

— 

00 

00 

5T 

73 

60 

67 

68 

.» 

6T 

08 

68 

— 

63 

61 

61 

— 

69 

68 

67 

._ 

81 

81 

80 

— 

21 

21 

21 

— 

06 

100 

100 

Fah. 

oa' 

06 
58 
60 
60 
65 
60 
68 

80 

22 

100 


The  workings  are  from  800  to  1200  yards  distant  from  the  bottom  of  the  shaft 
In  districts  where  ventilation  is  not  understood,  it  is  commonly  asserted  b} 
miners  and  others,  that  the  deeper  the  mine  the  more  difficult  the  ventilation 
when,  as  will  presently  be  shown,  the  contrary  should  be  the  case.  Many  paitt 
of  the  deep  metalliferous  mines  are  altogether  abandoned  in  consequence  o: 
the  poor  air  and  high  temperature.  That  this  is  neither  due  to  the  heat  comma 
uicated  by  the  rock,  however  deep  the  shaft,  nor  to  the  thousands  of  yards  whieli 
it  may  be  indispensable  for  the  air  to  travel  before  it  reaches  the  sur&ce, 
may  be  illustrated  by  an  experiment  at  the  Seaton  Colliery.  The  shaft  wae 
260  fiEithoms  in  depth  and  14  feet  in  diameter,  divided  in  the  middle  by  an 
air-tight  partition  ("brattice").  The  mine  had  not  been  worked  for  two 
years.  The  length  of  the  air-course  imderground  was  1012  yards,  and 
the  area  of  the  passage  24  square  feet  The  surface  of  the  air-course  exposed 
to  the  air  was  60,720  superficial  feet,  at  a  temperature  of  80°.  The  air  at  the 
top  of  the  sliaft  was  at  44",  which  rose  to  40^"  as  it  reached  the  bottom  of  the 
aluift.  7000  cubic  feet  of  air  per  minute  passed  through  the  air-course ;  and 
although  exposed  in  its  passage  for  ten  minutes  to  surfaces  of  rock  30"  highex 
in  temperature,  it  only  gained  3"  in  travelling  upwards  of  half  a  mile  from 
shaft  to  shaft.  The  air  gainod  5^"  in  descending,  according  to  the  usual  rule 
of  V  increase  of  temperature  for  every  300  feet  of  descent,  due  to  the  increased 
pressure  of  the  air,  which  it  again  lost  on  returning  to  the  surfifiee,  where  it 
exhibited  a  temperature  of  46". 

Acoording  to  the  expezimantB  of  Despietz,  a  miaer,  on  the  averafe  tnrm 
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off  snflicieiit  heat  to  rniso  34,000  cubic  feet  of  air  at  b-f^  one  degroo  iii  tt:mpc- 

nture  per  hour.     His  candle  mil  eommimioute  this  temperattire  in  llie  same 

time  to  :^tj,(iOij  cubic  feet.     The  heating  power  of  20  men  and  their  lights 

would  rai»e,  therefore.  3000  cubic  feet  of  air  per  minute,  twelve  degrees  of 

Fahrenheit,  viz.  A'^  to  04^,  tlie  temperature  of  a  well-ventilated  worlung- 

;    place.     Without  taking  into  consideration  the  temperature  of  tlie  rocks.  100 

:    cubic  feet  of  air  per  minute  would  l)c  then  required  to  be  supphod  by  the 

I   Tentilatiiig  current,  and  400  cubic  feet  for  a  horse,  in  order  to  keep  the  ti-ni- 

I    permture  of  workinff-places  ^\itliin  proper  Umits. 

I         lu-the  ends  where  miners  work,  there  is  often  a  diftercuce  of  several 

I    degrees  between  the  warmth  of  tlie  nir  at  their  feet  and  at  their  heads,  where 

I    the  function  of  rcssiratiou  is  (!oing  on — on  example  of  the  imperfect  diffusion 

I    (^ga^es  %'hich  takes  place,  but  a  means  of  assisting  the  circulation  of  the  air, 

I    provided  the  main  current  were  brought  near  tlie  workman.    In  hot  mines, 

the  men  are  more  subject  to  take  cold,  either  from  passing  to  and  fro  into  the 

,    cooler  incoming  air,  or  in  walking  home.     The  boys  between  ten  and  fifteen, 

who  bring  out  tlie  minerals  from  the  working  places,  are  in  a  pfi'x>etunl 

change  of  tempeniturc,  often  of  20"  every  few  minutes ;  and  con8e(|ucutIy 

suffer  in  a  liigh  degree  from  pulmonary  complaints. 

Although  man  can  bear  for  a  short  time,  wiUiont  serious  results  ensuing. 

.    temperatures  varying  ftx)m  —  00°  up  to  +  300*  Fah.,  and  pressures  of  tJiree  to 

four  atmospheres  in  a  diving-bell,  or  its  reduction  to  only  half  on  atmusphcrc 

.  *  (m  the  summit  of  Slont  I  Jlanc,  we  perceive,  by  tlic  physical  differences  of  races 

i    inhabiting  the  temperate  and  torrid  zon^a,  muuntainous  districts,  or  flat 

countries  nearly  level  with  the  sea,  how  large  an  effect  on  the  human  frame 

comparatively  small  atmospheric  differences  may  produce. 

The  pressure  of  the  air  in  mines  has  been  shown  to  slightly  augment  the 
temperature,  the  latent  heat  becoming  Bonsible  by  compression.    It  also  ex- 
ercises an  almost  inappreciable  effect  iu  supplying  more  readily  the  requisite 
quanti^  of  oxygen  to  tlie  lungs.     Tersoiis  have  sometimes  imagined  that 
they  experienced  an  addition  of  strength  from  this  cause,  whilst  in  the  fresh 
lir  at  the  bottom  of  the  dcei)est  mines ;  but  as  this  additional  pressure  never 
exceeds  one-tenth  of  an  atmosphere,  the  effect  of  which,  as  regards  the  com- 
-    ptession  of  the  oxygen,  would  l>e  tlie  some  as  that  caused  by  a  lowering  of 
the  temperature  of  the  air  at  the  surface  by  AO",  it  is  probable  that  it  dot.'S  not 
materially  benefit  the  miner.     Astliniatic  colliers  prefer  working  in  tlie  Muuk- 
;    wearmouth  deep  pit,  to  which  I  have  referred,  feeling  temporarily  relieved ; 
,    but  this  may  arise  from  the  high  temperature — ^likcd,  indeed,  by  mo:jt  old 
■    miners,  however  ii^urious  to  health  and  strengtli  may  bo  the  conditions  wliich 
,    ittend  it.     The  xuessure  of  nir  produced  by  a  force-pump  has  been  employed 
I    lor  sinking  several  shafts  on  tlio  Continent  through  quicksands,  and  the  wator- 
I    beuing  marls  of  the  chalk  formation.  Tho  application  of  this  apparatus  is  due 
toM.Triger,who  applied  it  in  the  yearlUSV  in  sinking  a  shaft  sixty-three  ft^et 
d«ep  through  quicksand  near  Gliallonnes,  on  the  banks  of  tlie  Lou'o,  which 
flun-ctl  frc-ely  into  any  excavation  attempted  to  oo  mode  to  reach  tho  coal 
strata  lieueath.    Tho  follon-ing  figures  represent  the  shaft  and  apparatus. 
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I 

^ 


The  wroughL-iron  tube  A  A.  ftjuc 
feetflix:  inches  iu  diauit;t«r,  woa  first  | 
dxiveu  ill  bj  a  monkej'.  The  wruaj^lit* 
iron  ease  B  B.iii  priDciple  reaombliu^i 
ft  divijip'-b^.  waa  lowered  by  the  ro[n5J 
C,  and  lixed  by  uir-tight  wcd^mig  at ' 
DD.      The  oaae  waa  provided  at  E 
and  F  with  iutj-ti  doofH  opening  down-  ^k 
wftida.  by  ivlilch   the  ivorkniea   vn.-  H 
tered  tlte  case  or  ijcissed  through  it  to 
tUt>  butUim  of  the  shufL     The  pipe  G 
couveyed  tlie  uir  hity  the  bottom  of  Uie 
shaft. ;  whilst  Ouj  water  which  couU 
not  be  fort^L'd  bncJi  by  the  preatiure,  S 
escaped  by  tho  pipe  H  to  th«  Burlace.  H 
Eiich  of  tJiese  pLpoa  wna  furniiihed  ~ 
with  cocks,  J  mid  Iv  are  the  coek3  foi" 
eqtmlitiiug  Uie   pressure   of  the   Air. 
Tljii  pressure-gnu^  and  safety-viUre 
aiv  leilered  L  luid  M.  After  the  work- 
tatifi  hud  passed  tlirough  the  up[)fT 
mttn-ibfor*  the   oir  ia  the  case   wid 
uinlbtrnentli  it  wfts  condensed  by  the 
nir  punip  to  a  preasure  not  exceeding 
three  luid  B  half  atmospheres,    Iu  ob- 
oending,  or  in  removmg  the  miiteri*! 
ex(!ftvttted  from  the  case,  tlie  lower 
maa-door  waa  lirat  closed  ;  and  by  tho 
coek  J  in  twenty  ininnteg  the  pressure 
Wft9  relieved,  and  the  upper  niaa-di: 
was  opened.    As  the  abaft  was  s\ 
ledRtliB  of  wrouy:ht  iron  tubeing 
added;  and  after  the  eicavation  bad' 
penetrated  sii  yards  into    th©   i 
rock,  fitrong  wooden  curbs  were  joi 
into  the  bottom  of  the  tubt^ing. 

Th«  «ffBoto  produced  on  tha 
miners  wtjrkiDg  in  this  atmoaphere 
wen3  very  remarkftblo.  In  conse-i 
qucure  of  the  preaaur«  of  air,  apeok- 
ihj?  i*ef|uired  an  eflort.  and  the  voic»| 
asstaraed  a  nasal  tone,  wliilai  som»j 
of  the  hipher  notes  of  tlie  voice  werftj 
luSt.  It  wiis  impossible  to  whistl*;' 
and  one  miner  somewhat  deaf  could 
hear   belter    than   his   coropanionfl. 
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The  pulse  -was  not  quickaned ;  respiration  was  slower,  and  more  free  ;  tlie 
ictual  labour  at  the  bottom  or  in  ascending  the  ladders  was  less  than  iu 
ordinary  air;  bat  all  the  workmen,  with  one  exception,  were  attacked,  after 
quitting  the  apparatus,  with  seTore  pains  in  the  joints,  which  required  the 
use  of  hot-bathfl  and  rubbing  with  spirits  of  wine  or  ether  to  remove.  The 
combostion  of  the  candles  proceeded  so  rapidly,  and  created  so  dense  a 
smoke,  that  hempen  had  to  be  substituted  for  cotton  wicks.  On  opening  tlie 
cock  J,  to  allow  the  air  in  the  case  to  escape,  it  was  filled  by  a  dense  anil 
intensely  cold  fog,  caused  by  the  absorption  of  heat  by  the  air  in  expanding. 
The  eAects  were  most  injurious  when  the  men  had  made  a  fnll  meal,  ur 
had  indulged  in  any  excess  before  coming  to  work,  or  whnn  the  pressure 
uX  the  air  waa  tfarown  on  or  off  too  suddenly .  The  foreman  and  oiik  of  thf  new 
hands  died  from  its  eifects  ;  and  a  serious  accident  occurred  in  sinking  the 
Dovchy  shaft,  near  Valenciennes,  by  the  bursting  of  tlie  cat/e.  which  caused 
the  death  of  six  men.  This,  and  the  sufferings  of  tlic  workmen  Avheu  exposed 
to  a  pressure  as  high  as  Sftths  atmospheres  for  four  hours  successively, 
have  prevented  this  system  from  being  resorted  to  except  in  extreme  cases. 

JUinatorv. — ^The  air  in  mines  is  charged  with  moisture :  the  ha/y  atmo- 
iphere  underground,  and  the  appearance  of  the  air  issuing  from  ttic  mine 
even  on  a  warm  day,  attest  tliis.  On  a  hot  summer  day  tlie  phenomenon  may 
lometimes  be  observed  of  moisture  condensed  on  tlie  inside  of  the  shaft,  and 
on  the  suiAice  of  the  mine,  in  consequence  of  the  air  cooling  in  its  descent ;  the 
air  being  at  the  same  time  brooghtncorly  to  the  point  of  saturation  uith  aqueous 
vapoor.  Numerous  observations  witli  the  hygrometer,  both  iu  Belgium  and 
in  England,  exhibit  tlio  &ct  tliat  the  current  of  air,  however  dry  it  may  have 
entered,  after  it  has  passed  through  indifferently  ventilated  working  places,  is 
Bearly  at  the  point  of  saturation.  The  more  vitiated  the  air,  the  greater  the 
amount  of  moisture,  as  tlie  following  considerations  will  explain.  A  working* 
miaer  exhales  and  throws  off  in  perspiration  from  6  to  dibs,  of  water  per  day. 
Homes  perspire  more  freely  than  other  animals.  To  be  added  to  thesK 
loorces  of  moisture  is  that  acquired  by  the  air  in  descending  or  traversing; 
wet  shafts  and  air-ways,  or  derived  frx)m  tlie  combustion  of  lights  and  gun- 
powder. Dr.  Hanot  remarks,  that  this  condition  of  tiio  atmosx'hore  is  one  of 
the  most  hurtful  to  tlie  animal  economy.  The  various  functiuus  languish ; 
the  tiasnes  become  relaxed ;  the  Huids  of  the  human  body  tend  to  escape, 
in  consequence  of  the  accumulation  of  caloric ;  and  soon  the  perspiration 
s^ch  the  air,  already  charged  with  humidity,  is  unable  to  carry  off,  streams 
down  the  bodies  of  those  working  under  these  influences.  The  impurity  uf 
the  air,  in  its  relation  to  the  heoltli  fif  tlic  workmen  in  the  mines  where  they 
work,  can  be  estimatc<l  from  the  number  of  degrees  of  tlic  thermometer,  com- 
pared with  tliose  of  the  hygrometer;  and  from  the  degree  of  huight  at  whicti 
these  instruments  stand,  a  conclusion  can  be  drawn  as  to  the  degree  of  corrup 
tion  of  the  atmosphere  of  the  mine.  By  a  judicious  use  of  tiie  thcnnoiiu'ttt.* 
al<me,  and  observing  its  gradual  rise  in  walking  from  the  sliafts  by  which  tiie 
air  enters  up  to  tlie  working  places,  tlic  locahtics  of  defective  ventilation  may 
ho  detected  as  well  as  the  leakages  of  impure  air  frxtm  old  wurLings.  wlucU 
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loight  otherwise  escape  observation.  It  is  well  knowu  that  high  tempera- 
tures accompanied  with  moisture,  especially  rapid  changes  of  them,  are  ex- 
tremely productive  of  disease  amongst  artizans.  Moisture  is  the  very  common 
Tchiclo  in  which  other  agents  of  disease  are  dissolved  and  brought  into  action 
witli  greater  intensity.  These  facts  have  on  important  bearing  when  we  con- 
sider the  amount  of  malaria  now  pervading  the  air  of  mines.  It  is  sufficiently 
evident,  that  to  obtain  the  greatest  amount  of  work  from  a  man  in  a  given 
time,  it  is  necessary  to  supply  air  not  only  cool,  but  tolerably  dry. 

Dust. — The  dust  which  floats  in  the  air,  of  some  collieries  more  particu- 
larly, is  often  referred  to  as  productive  of  permanent  injur}' ;  but  more  accu- 
rate observations  have  determined  that  melanosis  and  other  affections  which 
may  result  from  it,  are  also  produced  in  other  mines,  and  are  attributable 
ratlier  to  the  carbon  arising  from  the  imperfect  combustion  of  tallow  or  oil 
of  bad  quality,  which  prevents  the  free  aucess  of  oxygen  to  act  on  the  blood. 
Carbon,  after  a  time*  actually  appears  to  be  formed  in  the  lungs,  the  fine 
soot  being  found  to  deposit  in  the  creases  of  the  tissues  of  the  membrane  of 
the  lungs.  Few  miners  are  exempt  from  this  affection — ^it  claims  a  pre- 
scriptive right  of  residence ;  whereas  coal-dust  is  tlu*own  off  by  coughing 
and  expectoration.  The  disease  seldom,  if  ever,  occurs  amongst  men  worldng 
in  coal-dust  on  the  surface.  The  managers  of  some  mines  are  deservedly 
particular  in  obtaining  the  best  quality  of  caudles  and  oil  for  lighting,  in  order 
to  avoid  tlie  loss  and  injury  arisin*?  from  iin])crfcct  combustion — an  evil 
wliich  is  aggravated  and  rendered  doubly  pemitious  by  poor  air. 

On  the  other  hand,  cases  have  been  known  where  a  cloud  of  dust  has  alone 
produced  suffocation.  In  one  instance,  the  person  unconsciously  inhaled  the 
dust  brought  by  a  rapid  current  of  air  on  the  upsetting  of  a  tram  of  fine  coal: 
in  anoUier,  two  men  were  found  dead  in  a  ladder-sliaft,  witli  their  caudles  still 
alight,  but  covered  with  dust  tlirown  up  by  an  explosion  of  fire-damp.  The 
effect  could  not  have  been  due  to  tlio  irrespirable  gases  which  result  from  such 
an  explosion,  otherwise  tlie  lights  would  have  been  also  extinguished.  It  is 
probably  owing  to  tlie  hot.  fiery  dust,  vomited  forth  in  a  black  cloud  even  to  the 
surface,  which  accompanies  tliese  explosions,  that  tlic  number  of  deaths  from 
suffocation,  amounting  often  to  seventy  per  cent,  of  tlie  niunber  of  the  killed, 
is  chiefly  to  be  attributed.  Colliers  have  been  enabled  to  pass  many  himdred 
yards  past  the  bodies  of  their  dead  and  dying  companions,  by  simply  cover- 
ing tlio  organs  of  respiration  with  a  thiirkiicss  of  clotii ;  if  first  wetted  and  tied 
over  the  face,  so  much  the  better.  In  July  last,  a  Welsh  collier,  in  company 
witlk  four  others,  descended  a  sliaft  filled  with  a  cloud  of  tltis  dust,  in  the 
heroic,  though  rash  endeavour  to  succour  ten  of  his  fellow  workmen  who  had 
been  overcome  by  an  explosion  of  fire-damp.  The  loader  of  this  forlorn-hope 
fell  a  victim  to  his  hmnanity.  In  commcnoiug  some  of  the  workings  in  the 
interior  of  the  Standcdge  railway  tunnel,  nearly  onetliird  of  the  mind's  were 
prostrated  by  a  pulmonary  complaint  alVocting  botli  thoir  strength  and  their 
tliroats.  By  stopping  tlic  smoke  from  the  fires  of  the  canal  boats,  and  by  better 
ventilstion,  the  evil  was  removed. 

Sanitazy  Effects  and  Mortality* — Dcxuivcd  as  a  miner  is.   at  least 
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in  the  winter  months,  of  the  beneficial  rays  of  sunlight  for  six  days  out  of 
seren,  it  is  difficult  altogether  to  r^ect  the  idea  that  he  permanently  Buiiers 
frun  this  cause,  although  it  is  difficult  to  estixoate  its  results.  lu  hot  climates 
flie  shadr  side  of  a  street,  under  some  drcurastoiices,  is  more  unhealthy  than 
the  other,  and  iudiTiduals  labouring  under  asthmatic  complaints  are  very  sensi- 
tive to  the  benefit  of  light ;  but  much,  no  doubt,  is  also  due  to  the  heating  and 
nrifying  rays.  On  this  has  been  founded,  and  ^ith  some  justice,  an  ar- 
goment,  for  woridng  two  shifts  or  turns  of  men  underground — the  tii*st  from 
4  A.if.  till  13,  and  the  second  from  12  a.m.  till  8  p.m.  The  mining  engineers 
of  Belgium  are,  however,  mostly  of  opinion  tliat  the  lugh^work  in  their  mines 
is  preferable  to  the  day-work,  and  does  not  so  seriouuly  alfect  tlie  workmen ; 
one  of  the  arguments  used  being,  tliat  from  the  sui*face  atmosphere  being 
cooler,  the  Tciitilation  is  better  by  night  than  by  day. 

It  is  unnecessary  to  enter  at  length  into  the  effect  of  the  vai-iety  of  ex- 
halations and  miasmata  proceeding  from  the  putrid  fermentations  of  animal 
and  Tegetable  matters  underground,  as  tliey  are  well  known  even  upon  the 
Bufaoe.  In  these  confined  channels,  where  the  accumulations  exist  at  every 
step,  the  warm,  moist  atmosphere  gives  them  every  fiicility  to  produce  their 
direst  eflects.  TVlien  it  is  considered,  however,  tliat  each  workman  pr<Mhices 
46  lbs.  of  excrement  per  annum,  and  that  this,  neglecting  all  sanitary  laws, 
is  allowed  to  remain  in  and  about  the  working  places,  and  in  tlie  dciid  ends 
which  the  air  current  does  not  enter,  it  is  evident  that  a  fertile  source  of 
miasmata  exists,  whatever  care  may  be  used  in  covering  the  de]»osit ;  while 
underground  stables  and  accumidated  dunghcaps  ore  uftcn  most  injudiciously 
placed  close  to  the  incoming  air,  in  which  also  the  horses  stand,  or  are  cun- 
stontly  working  to  and  fro ;  and  almost  a  forest  of  timber,  uned  for  suppoitlng 
the  roof  and  sides,  is  continually  undergoing  dry  rot,  which  under  had  venti- 
lation consumes  it  in  two  years.  It  viU  bo  seen  that  tlie  old  workiii<;s.  tecli- 
nically  called  goafs  or  deads,  ore  also  vast  laboratories  fur  tlie  deco]npl:>i^ition 
•of  minoials,  timber,  and  animal  remains.  It  is  a  conmion  tiling,  indeed,  to 
find  openhigs  left  from  tliem  into  tlie  incoming  vital  current  of  air  ftrr  the 
free  percolation  of  tlie  noxious  products  in  sufficient  quantity  to  extinguish  a 
candle  at  the  point  where  they  enter. 

Li  placet  where  such  accumulations  are  miavoidablo,  if  the  whole  space 
is  not  completely  closed  by  the  pressure  of  the  ground,  a  Klight  current  of  idi 
eairied  through  or  above  tliem  into  some  surface  outlet,  or  into  the  out<;oing 
tir,  will  remove  or  moderate  tiie  evil  ctfects.  Stahh^s  should  be  kept  cli^an, 
i&d  frequently  whitewashed :  but  horses  in  mines  generally  thrive  well,  as 
they  work  in  tlie  purest  of  the  air,  before  it  has  reached  the  men. 

The  oUier  nuisance  alluded  to  was  at  tlic  Standedge  tunnel,  remedied 
by  supplying  iron  trams  with  iron  Uds  on  hinges  to  each  range  of  work. 
and  placing  tliem  in  tlio  outgoing  air.  Tliey  were  brought  out  evciy  few 
days  to  bo  emptied,  and  in  two  years  paid  their  cost.  In  estinuitin*;  the 
effect  m  producing  disease  of  all  Uie  various  causes  which  we  have  do:jcril>ed, 
it  roust  bo  recollected  tliat  the  adult  workmen  are  seldom  eximsed  to  tlu'ir 
action,  where  tlie  concentration  is  greatest,  for  more  ixioii  tight  hom*s  c<iii- 
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secatively.  Many  of  them  pass  occasionally  in  and  out  of  the  woe 
place  at  meals  and  other  times ;  and  many  of  tiie  lads  are  as  much  in  th^ 
oorrent  (whatever  that  may  be)  as  in  the  onventilated  ends. 

Mr.  Batdiflfe's  tables  give  the  duration  of  life  of  miners  at  not  much  ui 
the  average  of  England  and  Wales ;  but  appended  to  them  is  this  remarl 
"  This  class  of  lives  shows  a  very  large  amount  of  average  sickness  at  e' 
period,  and  increased  sickness  with  advance  of  years.  From  the  very  na 
of  the  employment,  this  was  to  have  been  anticipated,  but  not  to  such  as 
tent  as  appears  from  those  results.  At  age  20,  miners  experience  an  ave: 
sickness  of  46  per  cent  more  than  the  general  class ;  at  age  30  they  s 
70  per  cent ;  at  40  yean,  78  per  cent ;  at  50  years,  76  per  cent ;  and  a 
years,  53  per  cent,  more  averafi^e  sickiinss  than  the  general  class  of  lives, 
aggregate  amount  of  sickness  experienced  by  miners  for  the  period  of 
20 — 60  is  96  weeks,  showing  an  excess  of  about  67  per  cent,  more  than 
general  results.  Had  these  lives  which  form  493  per  cent,  of  the  gen 
class  been  first  extracted  therefrom  (which  should  have  been  done),  it  wi 
have  shown  a  less  amount  of  average  sickness  experienced  by  the  gen 
class,  and  consequently  would  have  proved  that  miners  are  subject  to  n 
average  sickness  per  annum  in  excess  of  the  general  class  than  appeal 
exist'* 

But  these  tables  do  not  include  lives  under  18  years,  before  which  tin 
will  bo  shown  that  not  only  disease,  but  an  excessive  mortality  occurs.  ' 
Registrar-  General  has  supplied  some  valuable  statistics  respecting  the  mil 
population,  numbering  10,690,  in  the  district  of  Merthyr  Tyd^.  forming 
of  a  population  of  41,425  males,  and  35.379  females.  The  town  and  r 
population  are  about  equally  divided : — 

Annoftl  ntt  of  morUUty  per  Annual  rate  of  mortalit 

Aoe.  cent,  of  males  in  England,  cent,  of  colliers  and  mim 

lf)38tol850.  Merth7rTydfll,lM9to] 

10 -515 1-633 

16 -825 2055 

25 1001 1-999 

35 1-283 2  296 

45 1-843 3-308 

55 3203 5-460 

65 6-746 12630 

75 14745 21-818 

85  and  upwards      .     .  38424 53  333 

This  table  afibrds  a  comparison  in  the  rates  of  mortaUty  at  different  i 
between  males  in  England  generally,  and  the  minors  in  this  district ;  and  ah 
that,  the  noxious  influences  at  work  on  these  miners  are  sufficient  to  tr 
the  destmction  of  life  between  the  ages  of  ten  and  twenty-five.  The  rati< 
in  fiact  still  higher  at  the  commencement,  showing  how  immediately  dest 
tive  are  such  causes  to  the  constitution  at  an  early  age ;  and  how  tlio  har 
constitutions  who  survive  the  first  trial  to  hcaltli,  become  more  acclimati 
It  is  also  found  that  between  the  ages  of  fifteen  and  twenty-five   one-thin 
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ilitr  ilenths  occur  from  dist^asea  of  the  respiratozy  organs,  and  that  more  tLaii 
one  tliinl  of  ilic  mmora  meet  with  violent  deatlia. 

The  next  tabic  cxldbits  tlie  aftor-lift^tiiae,  or  prospect  of  life,  of  males  in 
Eaglftiid,  and  of  colliers  and  mincra  in  tlio  Herthyr  TydJil  di£ln«t,  i»t  dif- 
ferent Ages. 


15 
35 

75 


4303 3ITU 

se-GO ai-j^fi 

29-82 2a-ua 

2313 I7-04 

1*166  ,.*.,.  13-44 

10-90  ......  7-77 

8  57 5-01 

3-74 453 

2*11 4-30 


The  table  may  he  read  ihvLS : — M^n  who  uttain  the  age  of  25  will  live,  on 
aaavemge.  tl'Sli  yems  in  Merthyr  T^^dtil,  if  their  occupatioii  is  that  of  a 
owUier  or  miiier.  The  inen.!i  after-lifotime  of  a  miner  or  collier  a^cd  20  is, 
tliitrcfaro,  27  80  years  in  SIgrthyr  Tydtil;  while  Hie  Tnean  aftcr-lifotimo  of  ft 
lijiiu  a;^tKi  25.  ia  30'60  in  Englaud  gtjnerally.  The  Tital  Btfttistica  of  the  popu- 
lation gerjemlly  of  tha  parish  of  Merthjrr  Tydfil*  as  compiled  hy  Dr.  Kay, 
t'xhibit  a  very  high  rate  of  mortuhty.  It  is  under  the  influence  of  the 
WHlthy  proprietors  of  ita  notcsd  ii'on  works  and  mince ;  ftiid  tliougli  its  sltua 
Ua&  is  nntiirally  healthy,  being  at  the  head  of  a  rural  valli^j"^  it  in  remarl^abl^e 
A«  approaching — perhaps  more  tlian  iuiy  otbor  town  in  England,  and  aa 
ut-ariy  as  habitations  on  the  surface  can  do — to  the  unvcntilated  and  noxioua 
cuudition  of  the  mineB  of  this  country.  A  t-oncluaion  might  h©  dra^ra,  that 
T^e  pcmiciotLS  inHucncea  to  which  lb@  miner  is  subjected  in  his  subterrauean 
hihoun  are  so  great,  that  he  pssaea  ahnost  unscathed  by  ihc  mahuia  on 

In  Cornwall,  it  has  been  oscertjiincd  that  GJ  per  cent,  of  tha  miners  die 

frum  diseases  of  the  che^t,  and  onl}-  31  per  cent,  of  tha  rest  of  the  population. 

Pulotonary  emphjBema.  astlimatic  affcctionst  rheumatism  of  (he  jointsi  and 

IKitumonia,  are  the  commonestdisea^es  amongst  miners,  and  proceed  firom  tha 

cnnditions  in  which  they  work.    When  young  boys  are  aont  into  tho  mines, 

their  RTowth  is  generally  checked,  and  the  vil^  processes  soem,  for  a  time,  to 

grv  back,  until  they  accumulate  strength.     TJie  chest  freqaently  enlarges  un^ 

ualuruUy  lo  allow  of  breathinfj  in  positions  and  circnmBtancesi  which  natuio 

l)-i<  f^vvlwiitly  not  proTided  for :  certain  parts  of  the  fnune  are  developed  at  tha 

^  othet^.     Some  mines  are  noted   for  particular  dieeaaes  ;   one, 

iiy  seams  aboat  three -qnaxters  of  a  yard  in  thickness,  is  cedled  tho 

iL'Tcongh.    A  peculiar  disease*  anemia,  showed  itself  extensiyely 

-  !  :  u  in  Beli^nm ;  the  hkin  became  the  oolottr  of  wax,  tlie  veins  oon- 

tnmlcd,  and  the  circulation  fldmost  ceased.    Itwoa,  in  fact,  one  of  the  cxtzema 


1 


vMfvt.  MrrALX 


MiM 


lU 


OOliPA&ATlTB    H1CA1.TH  Or  MINEES. 


r^Gultd  of  tbiit  6Cifeet>l^  state  of  Uie  rlLil  fimctioUB  whidi  la  tlie  luiiiuiU  con- 
dlLioQ  of  miners  when  Bubjccied  to  ioBuS^ieiit  vcntUatioo. 

In  the  Heport  of  tJie  Cliildroii  s  Employment  CoramisaiorL  od  Mines,  ]  842^ 
it  Ifl  rematked — '"  The  iroa-stoue  pits  arc  iii  goueral  le&a  perfecUy  vcutilatod 
and  draiiLGd  llian  the  coal-mmes,  and  ari^  therefore  edll  more  iuLljeid.l.hy*  pro- 
diiclDg  the  EfuiLC  phj'dcal  deterioration,  and  Uie  same  diseaaes,  but  hi  a  more 
intense  degree.  The  ulthnat^  effect  of  tbfl  disadTautftgeous  circujicistancea 
nndcr  which  the  miner  in  tin.  copper  *  lead^  nnd  zino  mines  is  obliged  to 
pursuo  hia  laboriaiis  occupation,  la  the  prodnctbn  of  certain  diaeasAfl 
(sented  chjofly  in  the  orgaTis  of  rospiratiou),  hy  which  lio  is  rendered  in- 
capable of  follc^'ing  his  work,  Eind  by  which  htB  existence  is  termin&tcd  at 
an  erirlkr  period  than  is  conunon  in  other  brunches  of  industry,  not  ex- 
cepting even  thftt  of  the  caUior.  The  primary,  and  ever-acting  ageDt^  which 
principnJJy  produces  tliis  effect,  h  tho  ttoxioita  ftir  of  the  places  in  ttldch  the 
work  is  carried  on/'  A  surg£?on  writes — '*  In  reality,  what  is  this  nttmber  of 
^^olcnt  dt'atlifi  {imd  X  appefid  tf>  my  fellow-practitioners  at  collierieB)  compared 
with  those  thousajida  of  persons  whn  advance  day  by  day  bowed  down  to  & 
promaturo  death,  arisiiig  t^m  theii*  occupation,  and  which  brings  on  an  old 
ago,  over^'he1mc5d  with  infirmity,  at  a  period  when  oUier  men  still  enjoy  tji(^ 
plenitude  of  their  strength?'* 

In  the  following  tabic  %\ill  be  found  the  relative  unmhers  of  miiiecs  and 
agricultural  luboiirers  dnplojed  at  eacli  &ge  in  Great  Bhtaiu: — 
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The  Intter  class  la  selected  for  compaiisoDt  imtsmueh  as  mining  is  nsnally 
CAmod  an  in  or  near  agricultural  di^tiiets^  and  the  w^uting  lunks  of  the  minjer^ 
are  supplied  from  them  ;  and  it  will  be  shown  that  tho  occupation  of  the  miner 
ia  not  necessarily  mneh  more  unhealthy.  The  liLst  four  columns  present,  as 
wall  as  the  matoiials  for  such  a  calculnilon  would  allow,  the  average  agca  of 
the  whole  of  the  per&ons  fallowing  these  Qccupatioua  in  18^1,  the  ages  of  com- 
mencing find  leading  oS  work,  and  tha  aveiage  number  of  years  of  woik  done 
by  each  ela^.  Honceit  appoon  that  the  average  Oj^  of  miners  living.  Yarics 
ffota  S&'T  years  in  the  caae  of  tin  minerH^  to  2d  B  amongst  lead  miners,  heiT'^ 
a  difference  of  about  three  years ;  but  this  is  aceounl»i  for  by  the  tin  miners 
commencing  work  tit  10^  years  of  age,  the  lead  miners  not  till  about  13  years, 
Tli£«6  ar^  tlie  extremea  of  age  within  which*  on  an  avexa^,  each  of  the  fire 
clas4«B  of  miners  begin  to  work. 
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The  reanlt  benrs  onl  the  opinion  na  to  iron  raines  b^iitg  the  unlj«nJt]ii<?st 
ofiflffoCr  oot3iwihata.iidii>g  that  the  msiL  do  not  oommoace  work  uctil  13  of 
Uyfiflzsof  age,  ^eir  spoil  of  labour  oizlvr&u^heB  :25'4  yenrg^  wKwh  is  ajyesrs 
below  tiie  aremge  time  in  which  0.  ncuner  ivears  oat.  The  rpiiiiom  lust  but 
2?  7  years-ivhilflt  43'3  yesni  are  got  out  of  the  BgricultnrnI  labourer.  In 
other  word^,  Uiti  lives  of  tlie  mmsn,  m  addition  to  excesMve  dckneBfl  ftfid 
dnrnnished  strGiigth,  are  abortened  hj  on  nnioant  eqttiVHlQnt  to  more  thim 
hfttf  tiivir  working  life. 

'HicH  tabl—M'M^  to  s  great  degrpe,  confirmed  by  limited  obsGiTatlonR  in 
pfljticttWMdBiiy diatrictH.  Mr_  Bles,  in  1847,  comparing  the  R^icultural 
ftt^  mittm^  poiytdAtaon  in  Corn'wall,  giTDs  ^'2^  as  the  average  age  of  the  former* 
li  of  the  bitttfrr  in  neither  case  incladii]^  any  below  lOyearsof  ap'e.  A«:ain, 
of  the  totflj  nnmbf»r  of  mitles  djring  va.10  y&axs,  tfaere  died  p«r  cent  between 
Ibo  f^ll'-twiiig  ages — 


Dutiict 

Pfipulstton. 

c 

t 

3 

7*9 

8 

9-4 

s 

g 

7 

a 

109 

4-7 

8 

B 
2*7 

Not  Miniog 

10322 

*2'4 

4-& 
7 

6-9 
8-4 

Mitiin|t    ,  . 

10809 

428 

i 


MconniTi'  of  Fias«  aad  Cool  Air, — It  lias  ulivudy  b«en  shown  lliaC 
onisUurd  of  tlie  voItjq  of  thi?  inmor  was  rut  off  bj  the  hand  of  dpolJi :  hut  tho 
anaaGB  which  have  broagbt  him  to  the  tooib  mttst  bavr?  ncoessarily  dimi- 
oiduul  the  BJOfciuat  of  ^ork  h«  is  able  to  perform,  even  in  Im  best  days  ;  and 
doting  ooA'^itaenth  of  his  working  life^  he  depends  on  the  sickclab  or  the 
|>arisb  for  support.  H«  htiA  good  grotmda,  therefore*  for  demanding  a  high 
mle  of  wa^es,  And  he  i»  especially  in  need  of  the  ^sletaace  of  benefit  eoci^tiee 
in  hiA  (oriod  of  trioL  "Aa  aji  CTidenco  of  tha.  good  economy  of  Bpeuding 
money  ^  Jepsen  thea«  teirlblo  cS^cts  of  tha  rolnera'  occnpalion/*  Mr.  Bk*e 
»UtM  thai  "  horn  &  return  made  by  the  relieving  oAicer  of  Gwennap  to  the 
Bfidroth  Board  of  tiuarditinst  he  boa  asflertaimad  that  of  :34U  families  receir- 
io|^  pgrocbiftl  r.?li£'f  in  Gweunap,  in  one  quarter  of  a  jetLc,  npwarda  of  aou 
««M  maaBTn'  fitmiliea  ;  and  that  of  ih^  futhera  of  those  families  1  &  had  been 
kilMia  tb^  mines ;  40  liad  been  blinded,  mmmed,  or  so  iojiu^d  otbonvise hy 
miM  MOidtfktKi,  OS  to  bo  onablo  any  lon^r  to  earn  their'  own  HvelUiood— • 
Jtana^  ctikB  u^nriea^  at  diflervat  distunees  of  tune,  having  tenninated  futriJly: 
ii4fl«  U  have  died,  and  1&  otbers,  who  bad  among  them  60  children,  wer^ 
dying  mom  or  le«B  »loirly  of  makers'  consumption. " 

In  trading  oaC  the  remedioe  to  be  nppUed  to  render  th«  cell  of  the  miner 
« JN>  place  for  humaa  beln^tO'  pasa  a  larga  portion  of  tfaeir  Utqs,  it  is  ueres* 
lo  point  oat  thti  i%  nq/mm  no  ot^er  reinedy,  except  in  a  higher  d^grve, 
wa  »t^  now  ndDpAng'Ott  Idle  fmrhae.  The  save  ndei  of  ventilation,  the 
I  JM<biu  of  olaudiBes8«  wtQ  mffioe.  The  mines  hare  reached  their  pre«fist 
coodidcm.  juAt  in  the  6Ame  mKnnar  ft*  &  portion  of  any  town  inhabited  by  the 
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poor,  uu^-iisiteii  by  the  oivueis  of  Uie  properly  or  itiltlligent  and  professionfll 
men.  would  in/iillibly  becortiG  iLe  strongbold  of  disease.  Miners  themselvce, 
iiutil  Uio  candJes  Imra  dimly,  arc  bo  IttUe  conscious  of  tlie  effects  of  imperfect 
rentUatioii,  that  tliey  conmionly  olvjecl  to  imptovemoDt ;  and  yet  tkeyhftTe 
admittod,  oitor  a  sufficient  tiinl  of  a  better  Bystem,  that  they  could  do  one- 
fuurth  more  vorkiu  properly  ventilated  mmes. 

There  aro  many  iuin«s,  or  parts  of  mines,  Tvhich  can  hardly  be  worked  in 
siunmerp  hccfluse  cfindles  will  not  bum  in  tlie  working  places.  The  ventUa- 
tion  entirely  stA^atea  in  tlie  (tct  of  rereraijsg-  Tlie  powder-smoke  haagg  in 
the  face  bo  as  to  cau^  a  delay  of  half  an  hour  after  each  shot  is  fired. 

Such  ai'fl  a  foiv  of  the  conditjona  which,  occurrmg  frequently  amongBt  a 
large  numbeir  of  men  in  mines  where  no  artificial  means  of  ventilation  ore 
ejnployed,  produce  losses  on  &  largo  scalo.  They  are  cuBtomaiy,  howeTtrv 
BJid  conaequentlj  seldom  nppreciatod  by  tho  pmprietoi-H. 

From  the  evidence  given  by  Mr.  Woodhoujse  of  Overscal,  mining  overseer 
of  the  Moira  Collieries,  who  has  bad  great  eaLpcrience  m  the  vcntilfttiou  of 
cusd-minos»  it  appears  that  a  large  saving  is  invariably  realised  in  practice 
from  the  adoption  of  improved  modes  of  ventilation;  bccnnso  the  couBtant 
introduction  of  fresh  cmrenta  of  atmospheric  air  into  the  pils^  tcndsp  in  a  re 
markable  degree,  to  protect  the  waodwork  of  the  mine,  and  to  keep  the  road- 
ways  dry  and  in  good  order. 

After  speaking  of  the  drawhaeks  from  the  profits  of  colliGrics  arising  from 
au  imperfect  sj^tem  of  ventilation  .imperfect  as  regards  tbe  Mhole  quantity 
of  vdx  pflflsed  tbroujL^h  tlio  workiugs.  but  still  more  ianporfcct  aa  to  ita  distri- 
trnticni,  he  says: — "The  improTed  system  ado[ttcd  in  the  rollierica  on  thfl 
Tyne  and  tlie  Weai',  of  dividing  the  workings  into  districte,  and  eo  obtaining  a 
current  of  fresh  air  in  every  diviaion,  may,  in  many  cases,  be  adopted  at  a 
trifling  expense  in  other  countries;  and  although  the  extent  of  the  worldngs, 
in  general,  bears  no  proportion  to  those  in  the  colUeriea  in  the  north,  the 
principle  roranina  the  samct  and  the  result  would  be  favomnible  in  n  corres- 
ponding degree.  It  may  be  urged  Ihnt  the  ImmenBc  quantity  of  pas  given 
out  of  the  coal  in  tlie  north,  has  called  for  tlie  improved  system :  tJiis  is  pro- 
bably the  fact ;  but  tlierc  are  many  advantages  to  be  derived  from  good  venti- 
lation beyond  the  mere  prevention  of  explosion.  In  pit^  ivith  a  rapid  circu- 
ktion,  the  men  respire  more  freely  ;  the  road-ways  are  kept  dry.  and  repaired 
at  kw  ciEpense  ;  and  the  timber  lasts  longer  htf  years :  end  therefore  it  is  n 
matter  of  sbnct  economy  to  ensure  a  good  ventilation/'  There  tixti  few 
mining  engineors  who  ^^tII  not  sube^ribe  to  tlie  correctness  of  t!io  Report  of 
lb4:i :  "  That  &  mine,  when  properly  ventUated  and  drained,  and  when  both 
tho  main  and  tlio  tdde  pagnages  are  of  tolerable  height,  is  not  only  not  nn- 
healthy^  but  the  temperature  being  moderate  and  very  uniform,  it  is  con- 
sidered, as  a  place  of  work,  more  salubrious  and  even  agreeable  than  thoBO  in 
which  many  kinds  of  labour  are  carried  on  above  groiind."  To  effect  tliis, 
the  chief  tegidations  to  be  unremittingly  carried  out  ore,  that  no  man 
shall  be  suffered  to  work  in  a  stagnant  atmoRphere ;  and  tliat  the  working 
pUoen  OS  now  eiisting— the  reser^-oira  of  all  the  deleterious  gases  bronglit 
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aloug  by  the  air-cmrent — shall  hfLV^  a  current  sent  through  them  into  every 
port  m  sufilicleDt  qoimtity  U>  dilute  all  the  deleterious  gases,  aud  depnTO  them 
of  their  pow^r ;  or,  in  the  words  of  tho  resolution  pas&Gd  by  a  meeting  of 
iloputieB  from  the  coaL  mining  intereetfi  of  tho  kinigdom  in  May  1854 — "  That 
adequate  artificial  meaus  of  venLiladon  be  provided  at  all  coUieiies;  and  Omt 
lUere  shall  be  at  nil  Umea  a  sufficient  current  of  pure  air  tlirv>ugh  tho  work- 
ings, to  dilute  and  render  innocuous  all  noxioua  and  delotmous  gases." 

Altei&tiona  Iil  Denaity  Uie  Causa  of  BBotion  in  GaaeB, — Air  or  gaa 
ocMtliiied  in  a  vcaset  prea&es  equally  on  eaoh  eq^uaio  inch  of  its  flurfaee,  and 
also  on  the  surface  of  any  body  enclosed  within  the  ve&S4>l.  Maiiolte  deu^on- 
6tr»ted  that  under  ouehalf  of  Hua  prossure,  tiio  air  w^uld  occupy  twice  the 
apace ;  under  double  the  pressure,  it  wuuitl  contract  into  one  half  the  volume. 
In  other  worda,  that  tho  prcsiiui'e  ia  in  inverse  proportion  to  the  deiisity  of 
tiie  ail'  and.  the  epoLce  it  occupies.  The  prt^agure  of  the  air  in  the  Yes^l  can 
bA  nidify  ELseertaiucd  by  littlng  a  bent  glass  tube  into  tho  side,  and  measuring 
the  hei^t  of  the  Uquid  mercury,  oil,  or  water,  which  i^ 
supported  by  the  pressure.  Sucsh  an  iniatmiuent  (re- 
preBenU*d  at  A,  Fi^^.  3)  ia  the  ordinary  barometer,  in 
which  thirty  iucbea  of  mercury  \^*jll  enppt^rt  a  pres- 
sure  oquivaicut  to  that  of  the  whole  atmospheric 
column,  or  to  ^n/jdu  fcctof  homogeneous  atmosphere, 
at  ft  temperature  of  HV.  The  Tveight  of  a  column  of 
mercury  one  foot  s<iuftre  und  thirty  inches  lii|^h, 
weighs  at  32*.  212-ilb3.  The  pressure  of  dry  air 
vrill,  therefore,  be  equal  to  nearly  ly  cwt-  on  each 
sqaaro  foot  of  surface.  If  the  tube  is  open  at  the 
top,  like  the  ordinary  water  gauge  used  in  mines,  tlie 
height  of  a  eolomn  of  water  in  the  tube  B  measures  the  variations  between 
Lbe  pre^fiure  in  the  vessel  aud  that  of  Uie  uir  outt^Ide.  According  to  the 
most  aectirate  experiments,  100  cubic  inches  of  air  at  CiU\  and  110  Inches  oi 
mercury,  iveigh  31'01!7  ^Taiiis ;  IHOC  cubic  feet  nre  tiicreforo  contained  in 
1  lb.  The  heights  of  columns  of  equal  weight  and  area  are* — of  quicltiiUver, 
Of^^  inches;  of  water,  1  foot;  of  air,  bI5  feet. 

Gay  Lussac  found  that  air  expanded  unifomily  by  eqnal  additionfi  of  hont ; 
and  the  later  experiments  of  Magnus  aud  Regnaiilt  havo  determined  tlmt 
tliis  e:cpiuision  for  each  dcgrc^e  of  Fahreuheit  ia  140iJtii  port  of  tlic  voliima 
of  tlie  air  at  zero ;  oonsequoutly  tlte  increase  in  buUt  ut  any  higher  temper- 
ature is 

vpI.  X  temp. 

And  generally  at  any  other  temperatures  tlic 

ToL  at  tomp.  (No.  2)  =:  vol.  at  temp.  (No.  1)  ^.J-^±iJ?l 

Tho  Bpocifio  gravity  of  any  gas  of  &  filandftnl  measure  and  tempcrottiro 
being  Itnoivu,  we  can,  by  Uie  two  laws  just  given,  determine  ita^ci^gtiX  a.1 
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Any  otber  pres^OM  and  temparature.  Whan  aereral  gases  of  difTerent  kinda 
are  conteitied  in  the  flaiao  vessel,  tbey  tend  to  strfttlfy  themeelves  in  the  oinder 
of  tlieir  den^tie^ ;  bnt  at  tlie  same  time  to  difluse  oneiuto  the  other,  bd  as  to 
becouiQ  perfootly  mixed.  Thus^  if  ft  jftr  of  Uglit  oarbiiretted  liydro^-en  bd  m- 
Teiied  over  a  jar  of  carbonic  ndd  gas,  the  heavy  gaa  ti-IU  ascend  and  the 
light  desQendT  imtil  the  jars  oj-e  fiUed  by  a  uniform  combinatioD  of  the  two 
gaaea.  If  equal  hnlkfi  of  three  clififerent  gases  at  the  same  temperature  be 
oondeused  into  one  volwne,  the  resraltmg'preasnrs  will  be  the  «uwa,  -viz.  three 
times  the  odgiQ&l  pressure.  They  conform  to  the  law  of  Mariotte  in  the 
rantual  relationa  of  volume,  dcnalty,  tentl  pressure,  and  to  the  law  of  Gay 
L«*3ft<;  in  the  same  manner  ea  ftir.  It  is  frDquently  upce&sftry  to  oonsiddiar 
t^e  eiToct  of  A^ueonR  ^'apour  Trhen  mixed  with  air.  Whon  the  air  is  not 
eaturated  with  vapourt  the  elasticity  and  density  of  the  latter,  and  ita  wmght 
m  a  cabic  foot  of  air,  are  determined  by  tlio  hygrometer  and  the  (ahJes  aocoai- 
panying  the  inBtriunent.  The  modes  of  calculation  may  he  found  in  the 
CracLE  or  the  SoreNOEe,  articie  *'  Moteorolopy>'*  pnge  57d. 

The  alterationa  in  the  prosmire  and  temperature  of  the  air,  or  the  admix- 
ture of  aqneoua  vapour  abovo  deBciibedT  produoo  changes  in  the  density  of 
the  air,  which  result  in  motion.  If  in  the  lost  Ogrure  tho  water  g»ugo  B  were 
removed,  ao  Jia  to  leave  an  opemDg  in  the  thin  plaU  which  fonaa  the  side  of 
the  vessel,  the  gas  would  xmiuediatelypresa  through  this  opening,  and  eecM^ 
with  a  velocity  wliich  would  dep&nd  on  the  excess  of  preaBUre  of  the  gaa  in 
the  interior  over  that  exterior  to  tlsc  vessel,  as  well  as  on  the  frpecific  gravity 
of  tJie  gas.  If  the  exterior  prosgun^,  on  tb*  contrary,  exceeded  the  int-erior, 
tlie  air  or  gas  would  Bow  i^,  obeying  thij  same  oonditions.  The  amount 
passing  in  a  given  lime  dependfl  on  the  form  of  tho  orifioe  (Fig,  4)>  If  th« 
fitream  pfLssea  through  a  thin  plate,  it  eu^Ters  a  convergence,  or  oontractioii, 
of  its  parts  (caUed  tlie  Teoa  coiitracta),  which  reduces  tlie  amount  to  iSWl 
and  if  through  a  short  cyUudrical  or  conical  tube,  to  ^  and  ^  respeotivwly^ 
of  the  amount  which  would  be  due  to  the  velocity  if  it  took  place  over  the 
w3ioJo  area  of  the  external  opi?iiiiig. 

If  the  stream  of  air  pasaea  Uirough  a  long  hoiH^ontJil  tube  of  uniform 
area  (A,  Fig.  b),  tlio  amount  diachurgod 
from  the  extremity  will  bo  diminished  by 
the  resistance  olTorcd  hy  the  aide^  of  the 
tnbe,  which  aI^o  c^iuaUy  diminishes  lt«  ^«ih- 
oity.  Thi^  reaistaQce  ^xU  h^  in  propor' 
lion  to  tlie  interior  surfi^ce  of  llie  tube  est- 
posed  to  the  friction  of  the  air  in  motion; 
that  is,  to  the  length  and  circumference,  as 
well  as  to  the  density  of  the  lur  and  the  velocity  of  its  motion.  If  tho  air 
passe^N  as  in  Fig.  ^,  h'om  the  long  horizontal  tube  A  into  anotlier  B, 
the  quantity  diflchaiged  will  be  dmiiiiJBhed  by  the  incT«ased  resistances 
offered  by  the  higher  velocity  in  tho  tube  B^  and  hy  a  small  loss  firom  tho 
"^na  contracta  iri  pasdng  from  a  largt]  to  a  smaller  tube.     If  the  air  in  era- 
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TcrBiHg  the  tube  in  raado  to  pasa  tliroiijrli  im  aperture  ia  a  dinphragra  C  i,Fig. 


JTiTUltAi  t^NTrt.^*CIO>J, 


119 


riif.  0, 


Hi, 


*-1k.  ». 


I 


TJ,  tk9  Telocity,  both  before  tmd  after  ^asaing  the  crpemng.Tvillljc  eqtial;  but 

iheta  will  have  been  a 

loss  In  oonscquencfl  of 

fhe  KisiBtance  eajcouu' 

tercii  in  i^as^ng  thu 

thin  plate. 

If  Urn  tube  is  in- 
cliued  domwaidfl  ftr 
n  pword  s ,  ns  m  th^i 
diagmm  iVig.  S),  the  velocity  of  the  current  will  bo  increased  or  dtmiBxahed, 
ncconling  as  the  force  of  gravity  acts  in  the  dirocti^n  of  the  current  or  contraiy 
to  it.  In  &U  cases,  the  re^tunces  can  c»nlj  bo  oTercome  and  motion  prodaeed 
bj  tax  ixtCTeiLse  or  excess  hi  th^  density  of  IUq  air;  conseq^uently  thediffi-'rciico 
iu  Ibo  density  of  the  air  boforo  and  after  passing  the  reaisttuiGee,  ivill  repre- 
sent  the  expeBilituro  necessary  to  everc^me  them. 

9ft.tvral  ▼«xtttlitloiu— If  A  B  in  Fig,  I,  Plnte  IH.,  represents  a  galleiy 
or  level  driven  into  the  side  of  a  hill,  and  B  C  a  fihoft  at  its  extremity,  then 
the  torajicratufe  being  Tmifotm  throogliout»  thu  pressnro  uf  the  atmospherio 
colaiun  ivill  be  equal  orn  each  sqimre  foot  of  the  bases  A  and  B  ;  the  densities 
of  the  Goltimna  A  D  and  B  C  T^ill  be  the  same,  and  no  motion  will  be  pro^ 
dtteed.  If  the  density  of  eitlier  the  column  AD  or  B  C  be  altcrcdi  tho 
equilibritim  of  jtregauro  wUl  bo  destroyed,  and  motion  "snll  eosne ;  tho 
hca\*ier  colfmm  must  deeeend  to  foree  up  tho  lighter  one  "Nvilh  a  velocity  pre- 
portioitRd  to  the  differenoo  in  the  weights  of  the  t^'o  columns,  or  of  the  atmo- 
spheric pressure  on  their  bases.  ThO  two  colmnng  may  he  compared  to  two 
liquids  of  dilTerent  densities  in  the  branches  of  a  aiphon,orto  unequiU  weights 
connected  by  a  cord  passing  orer  a  pulley.  If  the  external  air  is  heavieri 
(lie  air  iu  tho  phaft  would  be  forced  upwards  ;  if  that  in  thii  shaft  is  h<:avicr, 
the  air  will  be  discharged  from  tho  mouth  of  the  leveh  It  follows,  that  if  wo 
siippo3«  tlie  temperature  of  tlic  mine  to  be  constant,  and  to  impiLrt  it^ 
hent  to  the  air  as  it  passea  along;  the  level  A  B,  tho  air  viill  enter  the  level 
moutli  whenever  the  atmosphero  is  colder  thati  Uie  mine,  and  descend  tiio 
tibaft  whenever  it  becomes  wnrmer  thaii  the  mine.  OD  may  bo  supposed 
to  be  the  sarfftce  of  the  ground,  nnd  D  A,  C  B  two  shafts  of  equal  depth.  In 
nuch  a  cA8e,  do  motion  would  ensue  from  the  changes  in  the  temperature  of 
the  esttentftl  ntniosphere ;  but  if  by  any  means  wo  can  alter  the  (density  of  ono 
of  thf^se  eolnmna,  motion  will  bo  produced,  and  cftnttaucd  at  a  velocity  coti- 
trolled  by  the  ptitieiples  previoualy  slated.  By  exhausting  or  eoinpressitig 
tlie  tiir  in  one  of  the  columns  by  means  of  oirpumpg,  or  by  heating,  tlio 
re<]ui!Ute  diScrenco  in  dcnisity  can  be  effected.  Tbia  is  tcruitd  artificial 
viralilatiorij  as  distinguished  from  natural  veutilatioD,  which  is  generally 
taken  to  include  the  effect  of  rarefiwtioii  from  tho  temperature  of  the  rockj 
Ktul  ft*oin  tho  hghta  and  persona  who  may  ho  employed  in  tho  mine*  ati 
W(?U  as  from  the  gaaeous  eihalationa.  When  air  has  been  mi  in  motion 
in  ftbftfta  of  efittfll  depth,  tho  gradual  changes  cf  temperature  which  it  tmder- 
SMfl  by  the  absorpiion  or  loas  of  heat*  produce  a  diiI^XttTVC«  tck  "tlba  \tsf^ 
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peraturo  of  the  two  sltafte,  which  contmne  the  motaon  until  atoospheric 
cluLDgea  occMX  stiffident  to  nentrali^  it. 

An  example  of  natural  vf^ntUation  has  hecn  ali'^ftdy  given  at  the  Soatoti 
CoUiety,  where  na  mon  arc  nt  work.  Tlie  following  experiment  at  the 
Tjne  Main  CoUiery  was  mode  by  Mi*.  N.  Wood,  wliilst  the  mine  was  at 
work: — Depth  of  ^liaf^,  073  feet.  Temperatures:  at  enrface,  43**;  hottoni 
of  downcftst  BhafE,  45';  air  retiimui^  itotn  worMngH,  OS';  in  upcast  sliaft, 
390  feet  from  snrface,  (i'2^.  Quantity  of  air  in  cubic  feet  per  minute.  37,000. 
From  this  it  appcoxa  that  a  dilfcreuce  of  18'  existed  in  the  ^>mpcrfltllre  of 
iha  air  in  the  two  shafts,  and  that  iho  jmnea  and  workiiiga  gnva  off  heat 
eqiiiiralent  to  niiBi^g  titlO,0DO  cubic  feet  of  air  per  minute  V  in  temperature. 
'When  ihd  atsiosphoric  temperature  inoreases  to  about  02"*,  that  is,  to  Uio  torn- 
peratureof  the  air  tiacending  tlic  upcast,  tlie  effect  of  the  natural  ventilation 
ceaaes,  tlie  nir  of  tUo  mino  becomes  wholly  stngnant^  and  req^uirea  the  appli- 
ccitioii  of  artilicinl  means  to  set  it  again  in  motion,  as  in  Fig,  2,  Plftto  IH., 
where,  if  the  ahofts  A  B  wnrl  G  D  in  the  figvurea  are  of  imecxnal  dcplii,  but  united 
by  a  homontal  gallorj*  E  D,  the  fiir  will  ascend  the  deeper  shall  in  mater, 
and  descend  it  in  aiinmiet.  This  may  be  reodily  imderstootl  by  comparing 
the  equHibnum  of  two  columns  of  air  of  cc^tial  heiglitt  AB  and  ED.  In 
t^*iiiter  E  G  and  C  D  nro  both  colder,  and  conscqucutly  more  dense,  tli&n  the 
ports  at  the  some  levels  A  F  and  F  B,  althougli  C  D  receiTes  a  slight  Increas* 
gf  temperature  from  the  rock.  lu  BununerT  on  the  contrarj',  the  air  cgn- 
taincd  ill  FE  and  CDia  nearly  of  tbe  same  temperature;  whilst  the  part 
AF  has  been  cooled  by  the  rock  so  as  to  become  denser  and  heavier  tbaii 
FC.  The  air  has  frequently  to  ascend  and  ag^n  to  descend  in  trayorsiug 
the  air  ways  in  the  mine.  Tlie  oscent  in  winter  will  be  materially  lessened 
if,  after  entering  the  shaft  C  D  (Fig,  S^  Plate  HI.),  its  temperatuTG  eontinuea 
to  be  raised  whijst  traversing  the  interior  shafla  or  sloping  drifts,  II  G  and 
KF;  for  then  the  Columu,  being  lighter  than  GH,  counteracts  the  motion. 
In  eunmier,  aa  the  current  of  air  passes  in  the  contrary  direction,  the  cooler 
and  denser  air  in  G  H  m^  aid  the  cturrent :  and  tliis  elTect  will  be  greatest 
when  the  air,  hi  pu^^Ing  from  E  to  G,  htis  been  cooled  to  the  lowest  degree 
attainable  in  the  mino. 

When  the  underground  shafts  or  sloping  drifts  communicato  with  leveU 
at  diiTerent  heights,  aa  represented  in  Fig.  4,  PUte  III.,  the  effect  on  the 
vcnUlatiou  in  winter  ivill  be  favourable,  if  it  baa  to  d^aeeud  the  shorter  shaft 
or  drift  soon  after  entering  the  mine ;  but  imfavourable  if  it  is  iirst  csoried  up 
the  longer  drift,  according  &3  tho  workings  of  tlie  mine  extend  to  the  deep*  or 
to  the  rise  of  the  levuh  The  effect  in  summer,  on  the  contrary,  will  be  mo«t 
fovourable  when  the  air  iirst  ascends  tho  shorter  drifts  and  the  contrary  wben 
it  descends  the  longer  drift  on  entering  tho  mine.  The  arrows  in  th«  fi^garss 
show  tlie  directions  of  the  air-curreot,  which  is  supposed  to  be  losing  or  gain 
ing  temperature  during  its  course ;  and  by  applying  the  reasoning  given  in 
precodiiig  cases,  tho  causes  of  these  eifects  will  readily  appt^ar, 

ShM£tm*—ln  considering  tbc  e^nilibnum  of  the  columns  of  air  m  the  caM 
of  sloping  drifts,  or  of  shafts  standing  at  different  levels^  it  is  essential  to  refer 
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tlicm  to  tho  same  bomontal  lines.  Thus  Uio  drifts  BE,  £  D,  in  Fig.  &«  Plato 
m.^  v^m  ba  equivflJctit  m  tlicir  eflect  of  producing  motion  to  tlie  eittenaion  of 
the  ^bafls^  by  the  depths  B  F  euk^  D  G,  subject  to  cerUun  aUontuices  depend- 
ing oil  tlto  oxtont  of  tke  ffurfacc  of  the  drifts,  the  conoidcrftiion  of  Tvhich 
belongs  to  another  pftrt  of  the  subject,  It  ia,  therefore,  obvioas  that  Uie 
umount  of  natural  ventilation  depeoda  more  on  the  difference  in  levd  of  th& 
tops  of  the  two  shafts  than  on  their  rehttivo  depths,  &  circumBtaiico  ^nYL 
'known  in  practice.  For  this  reaaont  chimneys  have  been  fi-equently  erected 
on  the  top  of  shaftB.  Thus,  at  Liege  the  npcost  shaft  of  a  mine  has  been 
carried  tip  ^ritli  an  intoiiin}  diameter  of  &  feet,  in  the  form  of  a  L^himney  210 
feet  high.  There  Are  also  two  chimnej-s^  each  180  feet  high»  at  the  Seroing 
works  for  the  same  pujposo ;  and  in  consequence  of  the  aqueous  vapour  and 
the  gAfiea  takfin  up  by  the  alrcurrent,  it  is  not  found  to  r&verso  in  tlie  aammer' 
time.  The  practice  of  contracting  tlio  upcast-shaft  by  a  cliimiiej  of  small 
ctuiii9ter  ia  dearly  prejudicial,  and  has  the  same  effect  as  would  Attend  put- 
lang  on  »  damper.  Little  beiiefit  in  derived  from  »  high  ehimney  unless  tlie 
akait  18  of  small  depth,  for  it  is  fonnd  iha,t  the  amount  of  ventilatian  depends 
— all  other  circumstances  being  Uie  same — on  the  square  root  of  tho  depth  of 
the  ahaft.  Thus,  if  the  npcast  shaft  of  a  mine  is  400  yards  deep,  tlie  addi- 
tion of  a  chimney  133  feet  high  would  only  add  1  20th  to  the  ventilation.  A 
ahort  stock  of  from  10  to  30  feet  high,  raised  on  the  top  of  the  shaft,  is  useful 
to  protect  the  escaping  air  from  the  disturbing  eddies  which  occur  along 
tite  Hurface  of  tlie  ground.  Too  much  Orttention  cannot  be  paid  to  tlie  removal 
of  all  obstructions  from  tho  openings  of  the  downcast  and  upcast  shafts. 
Even  where  there  are  no  windinis'  carriages  to  intercept  the  openmg,  con- 
ademble  increase  of  ventilation  has  been  obtained  by  providing,  cloao  by, 
nn^other  short  shaft,  communicating  with  the  main  one  below  t}ic  platforms 
which  form  tho  top  of  the  shaft. 

The*  area  of  an  npcost  'shaft  to  afford  a  given  amoimt  of  ventilation,  as 
wcU  as  the  proportion  which  it  should  bear  to  the  area  of  the  downcast  shaft, 
are  subjects  which  have  been  dlseussed  without  le&ding  to  any  very  tlefimte 
role.  In  tho  upcast  shafts  of  a  coal-mine  three  hundred  yards  deep,  and  two 
hundred  acres  in  extent,  one  square  foot  of  Eirea  is  usually  allowed  for  every 
1000  cubic  feet  of  air  per  minute,  which  has  to  bo  passed  up  it  by  furnace 
venlilatton ;  but  it  is  poBsihle*  nndorvGry  favourable  circumBtouc-es,  to  obtain 
more  tlian  double  this  ratio  of  ventilation.  The  natural  ventilation  of  the 
Tyne  Main  Colliary,  before  quoted,  gave  700  cubic  feet  of  air  per  minute  for 
e«ch  aqomre  ftxit  area  of  the  shaft.  By  the  Mghcst  furnace  ventilation,  this 
qiunttty  was  increaaed  to  3020  cubic  feet.  When  the  ahflfta  of  a  collierj*  am 
of  oqual  depth,  but  di^erent  diameters,  natural  ventilation  ordinarily  converts 
the  smaller  shaft  into  the  upcast;  but  wben  the  air  is  highly  expanded  by  a 
furnace,  ventilation  generally  proceeds  most  easily  by  employing  Uifl  larger 
shaft  for  Uie  amending  air.  Many  circomstanGCB,  however,  occur  to  vai"y 
thtm  conditiona ;  a  wet  or  iinwolled  pit  is  unfavourable  to  its  use  as  an  up* 
cast ;  imd  tho  best  shafts  ar^  those  which  are  circular  and  walled  througkoitk 
with  brick.  A  abaft  divided  by  a  partition  or  brattice^  not  only  ofCcvs  alM^^iiEtti- 
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inco  t:)  tlic  fi-iction  and  for  the  cooling  ai  the  air,  by  which  the  differeuc*  ia 
temporattiro  of  the  aecettduig  and  deBeeading  Dolmzms  U  lowen^  bat  ia 
^IgQ  injurious  to  TentCntiou,  in  coiiB^M^ucnco  of  the  leakage  oi  ^  through 
Uie  hrattic?,  a  defect  wliicli  it  is  <lifficulfc  altogether  to  prerent.  The  Monk- 
>\-canuouth,  and  other  coUicriaa  ventilated  by  brattice  &baft«,  odaibit  an 
Inferior  degree  of  renti]atioti.  Thit  sfystem  employed  chiefly  by  ilr.  Gibbona 
in  South  Staffordshii'O  of  carrying  up  a  Quo  or  cliimney,  generaUy  aboQt 
three  feet  by  two  feet,  or  two  feet  sfiuore  in  ficction,  as  fvpresented  ia 
Fig.  fi,  Plate  lit.,  aloDjgside  the  downciLat  elmft,  by  wJiicii  the  imnerala 
lira  extracted,  mny  be  adopted  from  motives  erf  economy  in  mines  emplojing 
a  nTimbin*  gf  persons  net  exceeding  forty  or  sixty;  but  it  is  quite  trnfuited 
to  miceB  of  tireiTage  ma^utudc.  ia  consequence  of  the  im possibility  of  foirin^ 
ivto  iwlequftt«  amount  of  v«i]tilati->n  throu^'b  an  opening  which  offers  ao 
much  rtsistiUM^e.  The  dif^am,  Fig.  T,  Plate  HI.,  repreeects  ^  Tertioal 
section  of  the  method  of  veziti3atiBg  the  thick  coal  seam  in  Stafibrdaliize, 
which  is  tlm*ty  feet  in  height,  hy  carrying  the  air  Tetnriting  &Dm  the  woik' 
injjB  through  aiT-Tvays  driven  through  the  upper  pnrt  of  the  coal  into  the 
lH>titoin  of  the  ^hafc-chimney.  StLU  more  objectionable  is  the  practice  of  oon- 
T^ing  air  in  pipes  or  airtninks  up  or  ^own  a  slmft.  Some  of  thete  pipes 
may  be  oc^aaionoUy  seen  snrmonnted  by  a  coffin-abnped  T^ind-box  to  face  the 
<iirecticiai  of  the  \t-ind — a  signlficnntuadicatioa  of  Uie  deetfuction  of  health  and 
life  proceeding  from  the  iiiadeqniili!  ventilation  below. 

The  KgtlTA  Column, — We  have  already  shown  that  motion  of  the  air  m 
tKo  !>}iAft8  connected  by  an  air-i^-»y,  is  produced  by  tlio  greaier  *?eight  at 
density  in  liio  one  than  tn  the  odier ;  aud  that  these  unequal  denidlisd  are 
duo  chielly  to  dltfercnco3  of  tlMQi^enhtare.  Now,  if  wc  Qsccitaiu  by  hon^mQC^ 
the  pressing  of  tlio  ntmospheno  ooltmui  on  e&ch  square  foot  of  tiie  base  of  the 
Bhftft  AB  (Fig,  8.  Plato  HI.)  is  greater  than  the  pressure  on  the  base  of  the 
shaft  C  D»  in  which  the  air  hoB  been  rendered  lighter,  and  I'epresont  this  dif- 
ference in  presi^ire  by  a  column  £  F  of  the  same  tem|>erature  And  density  as 
the  uir  in  the  Bhaft  CD;  then  E  F  13  termed  the  '"  motive  colnmn,"  and  its 
koigbt  may  be  determined  either  from  the  known  density  and  tempernture  of 
the  Air,  or  by  obeervatioii  with  Uxe  baromoter  or  water-gauge,  in  the  same 
manuor  aa  iu  the  case  already  describod  of  a  gc3  flowing  ont  of  a  shnple 
orifioo  in  a  Teasel.  If  by  ti  end  ^3  ^0  represent  the  temperfttures  of  the 
donitcaBt  and  n^Kast  ahaft«  respectively,  Uien^ 

from  which  we  get  geuf^rally  that 


t,  "', 
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tad  thfl  mctiTC  coltttan  =:  depth  of  upc*=t  (  q        '  -)     ,     . 

A  body  dufweuds  by  gravity  Wx  ft.  in  the  fixst  mcood  of  tunc    hy  the  Uw 
of  JJUhng  bodies,  the  velocity  acquired  in  falling  &om  m^  given  he^ht 
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It  hfts  been  found  thdt  the  velocity  ivitb  wliicJi  ^ui-  would  tiow  Ihrouffh  th« 
orifiw  in  a  Tessol,  cur  llirough  the  opening  between  two  such  shafts,  would 
(provided  there  were  no  ru^stance,  sTieli  ag  thoge  arisisg  from  frjction)  be  the 
'gamo  85  that  acquired  by  ti  bodj  fitlliijg  through  the  height  of  the  motive 
oolimm;  Ihereforo 

^otdtj  =L  Vi  X  16  X  moliTQ  column 
«nd  fiabstituting  the  Talue  ulrcnJy  found  for  tlie  motive  cnlumri, 


the  TcloeKty  of  the  Aq  ving  air  ^  S^ 


4epthofiipfl«l(^-^-jA.).    .     (2) 

It  U  evident  from  iiiin  fojrmuJa  that  the  lunount  of  vcntilaliou  cii'cda 
ia  A  uiue  j&m  proporticm  to  tlio  &<^uaro  ioi>i  of  tho  depth  of  Ute  upco&t*  as  well 
AS  to  (he  squaj^  I'uot  of  Ui^  dill'eiTueo  af  t'Omperature  hetwceu  tlm  upi^'i.ist  and 
duwuo^ust.  Thuej  if  the  temperafcuxe  of  a  dowuca^t  ghoft  yv&s  50'*,  &jid  of  the 
upcast  <A':  hj  nuahajj;  the  Luxupuxature  of  the  latter  to  1^0%  the  cjuaiiLitj?  of 
AIT  bct  in  clreuLuijOii  would  bo  ob  y£5  ;  t^too ;  that  is,  it  would  be  doubled, 

Thtifio  fonzLuhe  do  not  Liiciudo  Uio  v^iatiotis  of  tho  dcusity  and  t^mpfir- 
Alufg  iu  tlL&  gjuae  shaft,  uur  the  aduiixture  of  gast's  ^ith  t]:ie  ^\  E^nct 
measureme&tB  by  tli6  harutuutcr  arc  tliccvforc  nticcssary ;  and.  whtn  Hie  rtre' 
faction  of  the  upcast  is  produced  by  a  iijaobino,  the  celiioalfon  of  the  ditfer- 
euco  in  pressure  by  this  intnimcn.t>  or  by  the  water-gauge,  ia  iudispensable. 

A  very  laige  praportion  of  the  theoretical  velocity  ia  ubsurbed  by  Mction 
Againflt  the  surfacca  of  the  shiifts  eavX  vAsAvtiys.  angles,  Emd  othtr  obi^truclioni*. 
UliesB  lesiiilaiices  are  fuuiid  to  be  in  inverse  prupt^rliou  to  the  Bcclioual  juea 
of  Uic  air  wflj's,  but  ixi  lUreot  proportiou  to  the  squaje  of  U)e  velocity  of  iho 
j?iiiT4iuts.  The  n-'sistiui&o  is  also  pro£iortiuiial  to  iha  aui'fuce  espused  to  the 
fiiotiuii  of  the  pasaiin,'  currtiut— that  is,  to  th^  length  and  the  ciiciiJuferenc©  of 
tlm  air  way ;  but  llie  uature  of  the  surface  exposed  to  the  air  niateriiiUy  uH'ccts 
the  dinouiit  of  friotjuii,  E^^puriments  have  been  uiado  by  Petlet  ("  Traite  de 
la  Chjileur' }  and  othors,  to  dptennine  Uic  difference  between  llic  thforcLieiU, 
luid  actual  voiocitics  of  the  flowing  air.  If  by  D  we  represent  Iho  invtm  dia- 
xncttir  Lif  tlie  whole  of  Iho  air  eourso  from  the  tup  of  the  downcaal>  back  to  the 
lyp  of  the  uxxoft-flhaftt  und  by  L  thid  lijijgth ;  then  the 
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trlvcn  the  air  ways  and  ahofta  aro  lined  xvitli  "brick,  aiid  tlie  former  ia  very 
bhort  in  oompELrison  witli  tlie  bitter;  when  the  shafts*  on  tlio  other  hand, 
torui  but  a  small  fraction  of  the  run  of  ibe  uir-eorrcnt  after  it  leaves  the  aur- 
fitcv,  a&  is  ordinarily  the  oaao  in  udnea,  than  II  being  the  height  of  the  belated 
Column  of  air,  the ^ 

•ctual  rolooifry^  2  Jj-  X  8    /jf  ^J^^ZJiTy  or  IB  J^  (motiTBOTlumn),  (3) 

n  :y  of  air,  or  amount  of  Tcnlilation,  is  obtainsd  by  miilliplyiiig  the 

'.  •       .  Uir  mean  urDft. 

SpUttlog  «iid  DUtHbutiug  Aiv.— It  has  been  found  that  the  vmount 


of  TenLilAtion.  tvhicU  cim  bo  carrit'd  Uu-ougti  the  air-WEijs  of  a  lume  depeiids 
on  tho  following  conditionB: — If  the  downcast  find  upcast  shafts  commnni 
cate  bj  more  tli(UL  one  aur-waj,  the  air-eurrent  is  aoid  to  be  split,  and  the 
quantity  of  air  which  will  pass  titon^  each  air- way  ia  in  inveTse  proportioii  to 
the  resbtouces  met  -with.  If  tlie  air-wii3\t  arc  similar  in  area  and  Bcctiont  tho 
quantity  or  velocitj^  of  tlio  air  is  in  invorBO  proportion  to  the  length  of  the 
air-way,  Thtia.  if  one  spUt  ia  four  times  the  length  of  the  other,  tho  velocity 
of  the  nir  will  bo  reduced  to  about  ouehalf.  If  thfl  air-ways  are  of  ei^iial 
length  and  eimilar  section,  but  of  different  areas,  tho  quantity  of  air  passing 
through  cHch  ^ill  be  in  proportion  to  the  areas,  It  follows  tliat  if  the  ^afbs 
ure  so  large  that  we  may  neglect  their  resistaneeg*  the  dividing;  tlie  air  cur- 
rent into  two  sphta  will  introduce  double  tlie  quantity  of  air  into  tho  mine ; 
and  if  we«  at  tlie  same  timer  shorten  tlie  length  the  air  has  to  travel,  the  ven- 
lUiiUon  ivill  be  further  increofiM.  If^  for  example,  in  improving  the  vendla- 
tion  of  a  mine,  in  wliieh  the  air  is  confined  to  one  channel,  3flfl0  yarda  long 
between  shaft  and  shaft,  tlie  mine  is  divided  into  two  {listncts,  so  as  to  require 
a  ventilating  air  wny  2500  yards  long  for  each,  then  the  totnl  quantity  of  air 
H^ing  Uirough  t]io  mine  is  not  only  donblcd,  bat  increased  in  the  pro- 
podion  of 

1/2600  :  v/3600  =  50  :  00. 
If  there  are  three  splits  1000  yards  long  each,  the  ventilation  would  be  mtil- 
lipUed  four  and  a  half  times. 

Although  the  air  naturally  '^8plit3  "  itself  into  as  mnuy  openings  as  tho 
cxcavntious  pre.'ietit,  the  s)^totnatic  apphcation  of  tliifi  great  modem  improve- 
ment in  tho  ventilation  of  uunea  is  generally  attributed  to  Mr.  Buddie.  Split 
air  ia  stdd  to  have  been  introduced  lirst  at  tlie  Felling  colliery,  in  lelB,  by 
Jlr.  Hill  Tho  air  ia  confined  to  ifci  course  by  stoppings,  i.  e.  walla  built 
across  any  abandoned  openings,  or  by  doors  where  oceess  ia  re^^mrt^l  to  either 
flido  of  tho  cnrrent.  The  main  Btoppinga  freqxiently  consist  of  brick  waUs  fict 
in  mortar,  filled  in  betncen  and  close  stowed  with  rubbish. 

As  the  reaiatance  of  the  air  ways  inereasea  as  the  square  of  the  velocity,  it 
is  found  in  pmctice  undeairable  to  employ  currents  moving  nt  Ihft  rate  of  more 
than  Eve  lineal  feet  inasecond.  Above  tliis  velocity  the  lo&BiuTentilaiionang- 
menta  rapidly,  as  well  as  the  ditliculty  of  preventing  leakage  through  stoppings 
nnd  doors.  For  a  abort  distance  beforo  the  spHts  separate,  and  after  they  re- 
unite, the  size  of  the  main  air-way  may  necessitate  agitator  velo^itvi  and  the 
velocity  in  tho  upcast  shafts  occasiouidly  reaches  as  much  as  tliirty  feet  in  a 
Hccond.  Three  feet  per  aceond  is  a  veloeity  adequiite  tj  remove  and  render 
liarmleaa  the  ordinarj-'  discharges  of  firo-damp  ;  butag  half  n  foot  in  a  second 
is  already  enough  to  deflect  tho  flame  of  a  candle,  tlie  former  velaoity  causes 
tho  oandleij  to  "  siveal "  and  bum  quickly  away,  and  it  is  seldom  found  in  the 
rorking  faces,  except  where  safety- Imnpa  are  used.  The  test  of  perfect  diatribti- 
"tion  of  the  ventilation  in  motalUferons  and  other  miuea  which  do  not  contoia 
firedamp,  is  the  maintenance  in  every  working  place  of  a  current  slightly  ex- 
ceeding thirty  lineal  feet  per  minute,  which  will  sensibly  dcllect  tho  flame  of 
a  caudle  without  creating  inconvenience.    It  ia  found  iu  practice*  that  to 
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effect  liiis  requii-ea  the  introduction  into  tlie  mine  of  100  cubic  fi?f-f  of  nir  per 
num  pet  minute,  "n'lucli  will  allow  for  the  imavoidatjle  toss  in  leakst^c  aiii^  in 
fliBftg  the  old  works.  Tiiis  corrcE5poTid9  with  tlje  quantity  of  air  prt^viouslj 
dunm  to  be  required  to  keep  Aovni  tlic*  tiMnperature  of  Uie  iroirliJnj^'  plBcea,  as 
well  as  for  Biuiit»ry  puriraseB.  Thus,  in  a  tuiuq  einplo^'ing,  wh«n  in  fuU  work, 
2O0  men  and  10  liorspB^  the  amountof  ventilftdon  required  is  200  X  100  + 
10  X  600  =  26000  cubic  feet  perminute.  Two  intake  air  ways,  of  nt  leaat  40 
oqaard  feet  arefl  ea<Ji,  abould  h^  proTided,  and  the  upc&et  shaft,  if  nrtificinlly 
irorked*  should  he  at  least  six  feet  in  diametern  According  to  Mr.  T.  J,  Tajlor, 
*'  the  least  amount  of  current  should  depend  on  the  requirements  of  the  mine ; 
for  txample,  in  a  miao  which  yields  no  fire-damp,  with  120  or  130  persona 
employ^  iii  it,  a  current  of  50,000  to  30^000  cubic  feet  por  minute  might  be 
a  feir  quantity,  if  projwrly  conveyed  Tip  to  tlie  face  of  the  workiuga  and  mado 
to  ffweep  tho&e  diati-icts  where  the  people  nrc  einploj'cd;  hut  in  a  fiory  mino, 
much  nu^re  thim  the  quantity  named  would  be  required." 

In  mhiM  gtring  oiT  fire-damp,  and  which  are  efficiently  Teutihited,  the 
quantity  vaiies  from  tfOO  to  600  cubic  fcot  per  man  per  minute.  When  tli^ 
old  worldngs  are  citensivo,  itn  fidililioiial  quuutity  of  aii-  should  be  allowed 
for  rendering  them  safo ;  but  gt^uemlly  the  amount  of  escape  of  gasea  in 
tli«  aame  mine,  hears  a  constant  relation  to  the  number  of  men  engaged  in 
lajring  bi^e  and  rerao'ing  thp  rock.  The  upeiist  shuft  of  the  Hetton  colliery 
paascs.  under  onliniuy  circunaatitnees^  200,000  cubic  feet  of  air  pi^r  minute  by 
meanfl  of  tliree  furnaces.  It  is  the  larKcst  ventHntion  kno;m.  The  natural  ven- 
tilation, when  tried  in  'winter,  exceeded  1 00,000  cubie  feet  per  mimite.  These 
remilta  are  obtained  by  tlie  size  of  tlic  shafts,  14  feet  in  diameter*  and  by  tho 
judicious  dtsliibution  of  the  air  into  five  main  cnrrenls,  which  arc  subdivided 
into  tltirtr-fire  e^plits.  The  extent  to  which  spHtting  may  be  can-ied  depeodf? 
upon  the  sixe  ottlie  shafU^  wlijch,  lUte  the  diameter  and  len^h  of  sLroke  of 
the  ptston  of  ft  ateum-engtnG,  determine,  by  Uieir  depth  and  area,  the  venti- 
latln:?  power  of  the  mine. 

The  section  of  a  Coruisb  mine,  jriven  in  Fig.  f*,  Plate  III.,  exhibits  the 
modft  of  v€fntilfl.ting  a  perpendicular  scam  or  lode,  by  converting?  four  out  of 
tho  six  ahafte  into  downcasts,  and  tlie  otlier  two  into  upcasts.  The  pure  air 
in  dcseendin^  ia  carried  at  once  to  the  working  places ;  and  th^n  poising 
atoni;  tlic  levols  of  die  mine,  takes  up  its  tcmpcratitre  before  reaching  tlio 
bottom  of  Iho  upcast  shaft.  The  chief  causes  of  tlie  defective  veutilfllion  in 
metftUiforous  mines,  are  the  leakage  which  takes  place  between  the  numerous 
abofta  Eouk  in  the  same  lode,  and  the  didtonco  to  wliich  the  levels  and  shufta 
are  driven  beyond  th^  circulating  current.  Tlie  latter  e\il  is  partly  obviated 
by  aiAlting  wuiKes  or  abort  underground  sltaft^,  from  level  to  level,  at  ijitervala 
erf  fbriy  yards  or  lew,  aa  reprcaented  in  the  sectiou.  lu  working  beds  or 
MMBAt  two  or  more  parallel  drifts  or  f^alli^ries  are  driven  out  in  advaui^t:  of 
tb«  Mat  of  tlie  workings,  leaving  a  pillur  or  a  long  block  between,  suffi- 
ciently wide  and  strong  to  resist  any  pressure  wliich  the  removal  uf  tlie  spaeea 
at  iti  aides  may  hrrug  upon  it.  Tlim  pillar  is  holed  through  at  short  dia- 
tnuoes  to  open  a  poitBAge  for  tb«  current  of  air  to  posa  near  to  tlie  fucc  of  tlte 
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wui'k.     As  eeu^h  deeh  Iioling  is  opoD^d,  the  opauings  ace   dd&ed  wilh 

T)/fi  ajTQWH  point  out  the  directioo,  of  tbe  coireiit  of  ^,  and  ih>e  dooEftv^ 
marked  D.  The  ahadiag  reprt^senb  tlie  portiojis  of  tlie  loda  exoavatedt.  Ih^ 
darker  shading  indicating  the  uortlilesB  di^Lns  heaped  up  in  the  desda, 

la  order  to  biiDg  the  current  of  air  al>^'ay&  up  to  the  workniaiL,  a  door  is 
jilAccd  outside  the  last  lioliug,  and  a  x^Ioiik  or  canvas  partition  is  carried  oob 
from  the  aide  of  the  door  to  within  fonr  or  sLs  yards  of  the  cud  of  the  drifts- 
fts  reprosejited  in  the  sketch  (Fig.  I.  Plate  TV>),  where  B  is  the  door  pEkrttj' 
removed  to  show  the  pftrtitioii  or  brattice  A,  The  aii  euters  b^  the  epace  C. 
which  Bhoitld  be  kept  as  large  and  open  as  po&Bible,  and  wider  at  the  top 
than  the  bottom,  in  order  that  the  j^eateet  body  of  the  entering  &zr  ehotdd. 
on  leading  the  brattice,  be  thrown  nlong  the  roof,  where  the  fire  damp  ohieUy 
accmnulaLos.  Occaflionolljr,  an  fdi-tniiLk  or  pipe  is  eiibstltut&d  for  tho  bimt- 
tico  ;  but  uiIg!^?  a  sqnare  foot  or  more  in  area,  it  is  inadequate  to  ijiiroduce  ft 
sufficient  quantity  of  lur.  Tlio  skeichi^s  (Fige.  2  and  3,  Fkte  IV.)  represent 
the  mode  of  fixing  two  other  kinds  of  brattices  A  A,  one  colled  "  a  eoUer" 
along  ttie  £oor,  and  the  other  flJong  the  K>of,  As  the  air  in  a  level  tienally 
h&a  a  tendency  to  cni«r  along  the  floor,  and  return  by  the  roof,  thi^  arrange- 
ment of  the  current  should  be  presarredf  and  the  circulatiDu  will  be  pxo- 
moted.  The  doors  in  n  mine  are  placed  e^o  as  to  open  against  tha  diiftfttijaa. 
of  the  current  of  iiir,  which  therefore  ienda  to  elosti  th«ni.  By  nUing  thi» 
bottom  of  tlie  doorpost  whkh  carriGs  tlic}  liingcs  about  four  inches  autwazd» 
ftud  the  Rame  forwards  from  ihs  perpendicular^  tlie  door  will  always  cIoM  of 
itself.  AVnicitever  doors  have  to  be  frequently  opened,  rach  aa  thosd  on  th» 
main  truvelling  roads,  two  doors  ore  plowed  ^ufSciently  Sax  i^ptti  to  allow  of 
the  train  of  trams  standing  between;  ko  thai  one  door  being  always  ehnt 
when  tlie  other  is  open,  the  Tsntihiiling  cnrrent  ehouM  not  be  axrested. 
The  leako^o,  however,  which  nocesf>arily  tsJtes  place  tiurough  doorst  renders 
tho  uso  of  many  prejudiciol  to  the  ventilation,  besdes  being  an  indicaf 
tion  of  want  of  skill  in  the  laying  out  of  the  air-currenta. 

In  fonosr  days^  the  old  workings  of  coal-mines  were  frequently  left  unventl- 
latad-  To  remedy  this,  Spedding  of  Whitchaveu  adopted  the  ayatem  of  conn- 
ing the  air ;  tliat  is,  carrying  it  by  meanfi  of  stoppings  and  doors  up  and  dowB 
GY^'  part  of  ilie  work  open.  A  single  curreutof  air  in  the  mine  wa&  thus  esc- 
tended  to  a  Itmgtb  sometimi^  of  forty  or  fifty  miles.  This  has  given  way  ta 
the  ay  stem  now  generally  adopted  of  ^iplilting.  The^  panel  or  district  of  tbifr 
worka^  reprcBEiuted  in  Fig.  4,  Piate  IV.,  is  ventihitcd  by  a  split  of  air,  WiMAJt- 
further  divided  into  two  sphLa^-nne  being  coursed  thi^ugh  the  lower  headings 
and  "borda ;"  and  the  frtbor,  after  ventilating  the  pillara  of  coal  which  a>«  ja 
the  process  of  removul,  Bweepn  through  the  goaf  which  is  on.  the  higher  aids 
of  the  worii.  By  larger  au--waya  and  bett-er  fumaceB,  suah  large  hodiea  of  air 
are  now  iutrodctced  into  coid-mines^  that  moat  of  the  doora  can.  be  reuored 
which  were  required  to  complete  tlie  distribution  of  the  air. 

In  luyuig  out  the  ventilation  of  a  mine,  it  frsq^uent^y  occiifB  thftt  ona 
etOTCint  of  air  haa  to  be  convdyed  Ofroaa  another.    Thia  ia  efEected  by  m. 
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*'  croaiang,"  wlildi  umy  consist  of  ouQ  brick  lunnc-l  paesimg  over  another,  m 
represented  in  Fig.  G,  Plata  IV*,  or  the  Bcparation  between  the  currcBts  may 
Iw  formed  with  tijaber  or  boiler  plate.  In  fitrj  Mmcs.  wLere  ^efti  (lisa^ters 
ensue  £rom  the  aepiiratiozi  heicg  destroyed  b;-  an  cxpbaioii,  tiie  laUor 
xnAteri&lis  desirable;  but  the  skt?tcli  esdiUuta  a  nicOioJ  of  building  £a  Liilf 
tinib^rB  into  the  arch,  inverted  in  such  a  maimex  as  to  oiTer  the  strongest 
t«fii£iuic«  to  onjiorcd  actiug  from  above  or  bclo^r.  Wlien  some  of  the  spUt£ 
of  air  npo  shorter  or  of  larger  Area  than  i«thera,  too  large  a  proportion  of  bir 
would  llow  through  them.  Doors,  \nth  slilinfS;  panels  Gt  abort  frails,  are  plae4.'d, 
tharefora,  to  ob&tmct,  the  air-currei^ts  in  tliuae  channels.  They  are  cnlliid 
regolators.  It  is  obvious  that  if  tb.o  amoimta  of  aij  paaaing  along  each  Aplit 
are  ibu£  equnlizect,  the  resistances  in  the  long  and  the  short  split  Imvc  beim 
jiX*d«  eqimU  and  that  a  coasiderable  amount  of  useful  work  is  absorbed  by 
tlie  regulators.  It  is,  therefore,  always  dusirable,  if  possible,  to  avoid  tlitir 
luo  by  eqiiAllzing;  the  length  of  the  nplits,  or  etdarging  the  area  of  that 
TCliich  13  imavoidablj  the  longest.  In  mines  inrhere  the  posalbility  of  an 
explodoa  uf  lire  damp  lift«  to  be  contemplated  ofid  provided  agoiiiEit,  it  is 
desanUUe  so  ia  cous-tmct  any  main  reguUtor  that  it  cannot  he  hlovnx  out,  so 
as  tc  cause  tho  sJ^clceiLing  or  ceBsation  of  the  oir-ctmreut  i^  other  ports  of 
ike  mine.  To  effect  this,  it  can  be  built  up  in  successive  courses,  as  afiown  lu 
th*  sJoetch ;  and  aloping  aarfaccs  are  tlitis  presented  to  receive  that  part  of  tho 
8ho<ck  of  the  explosion  wliich  does  not  Hud  vent  by  the  opening.  It  has  been 
DO^ofitftil  to  fiuspond  a  light  door  A,  as  represented  in  Fig,  6,  Plate  JY.^ 
motrijig  freely  on  nn  axis,  to  ai;1Just  nuy  inequalities  in  the  vetocity  of  the 
cnrrent  of  air  passing  the  regulator.  The  door  13  counterbalaneed  by  a 
vraight  Q ,  which  con  be  udjusied  from  iinic  to  time,  so  as  to  afford  the  required 
Opftiuug  for  the  current.  As  the  current  tends  to  increase,  the  augmented 
fCttturo  on  the  door  bli^htly  closes  it,  and  vke  verta. 

Jkitiflc^l  T«iitilatloii. — TJw  Jr'untace, — We  have  sho^n  that  tlie  tcm- 
pcrihiitre  of  the  rock  of  tbc  mine,  aud  other  sources  of  natural  ventilutictii , 
cause  the  air  to  ascend  tlie  deeper  &\iitSt  iu  winter  tuid  to  descend  it  in  sum- 
aar.  Doriug  thjs  stage  of  paa&ijig  from  one  direction  of  the  motion  to  the 
other,  the  air  in  the  mine  beeomes,  for  days  together,  so  far  sta^ont  and 
fouled  i*ith  noxious  gsi^es,  that  candks  are  cvtingruahed  and  tlie  workings 
stumped.  These  di£calUeswero  oxperLetieed  and  partly  surmouuled  in  work- 
ing coal  minea  more  than  IDO  years  ago.  Tliey  are  now  pressing  severely  on 
th/O  ecoufimj  of  working  iu  the  deeper  melfiUifetous  mines;  aiid  douUle^s,  m 
ihm  oua  ca^e  as  iu  the  olli«r,  uoce&Hity  will  ullimattdy  teach,  at  a  cost  of  life 
ftiul  property  it  is  impossible  to  calculate;,  the  aimple  means  requi^iite  for  pro- 
ducing a  uniform  current  of  pw*e  sdx  at  all  seasons  of  the  year.  An  arrange^ 
lueut  like  the  StaQbrdfihire  mode  of  ventilation,  akoady  descrihed,  consisting 
of  an  airpipe,  or  channel,  at  the  aide  of  the  shaft,  terminating  iu  a  cliuunoy 
at  tlie  buifiicflt  was  first  adopted.  A  lire  bein^  lighted  at  the  bottom  of  the 
chimOtfy  whenever  the  air  v,as  "  dull  "  or  ''  htav}',"  thin  ventilation  gf  H\t 
as  thus  prevented  &-om  revenung. 

The  hut  of  these  contrivances  in  the  Ncwcofide  coal-fields  oxisicdnt  Sie 
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Ftliing  colliery  ia  lS13,\vhen  tajietv  two  persotisiveickilJGdljynii  explosion; 
but  they  are  unforlunatplv  fitiU  too  common  in  oUicr  digtrii^ls.  As  tlie  prin- 
cip!o3  of  natural  veutilntian  became  understood,  it  Wfis  fotind  desitubbtij  add, 
by  [vrtifi.t:ial  mcanB,  to  those  difl'^renccs  of  tempcmtura  wkkh  causccl  it*  so  as 
to  increase  tlio  v^tUation  or  infiintiun  it  at  aunifonu  rate,  iiiLhout  obatruct- 
ing  Ibo  current  by  coniiniiig  it  in  a  narrow  clumnej. 

Tho  aJmple  3olu.tiou  prc3Sf;:)ied  itnclf  of  conaumiDg  ccrtiuii  qnaotzties  of  cobI 
in  tlio  airway  near  the  upcast  ^Iiaft,  Ux  such  a  manner  as  to  insure  tliQ  bt^at 
being  taken  up  xujjformly  by  the  air,  and  aa  little  as  possible  ritdiat4^d  or  ab* 
aorbcd  into  tii<j  rock  of  llio  niine.  For  this  purpose  a  furnace,  ^lirj'ing  from 
five  feet  to  ten  feet  in  TvidtL,  is  construct*.^  in  un  archway  of  fire  brick,  t!ie 
hare  being  placed  about  one  fourth  of  tho  bcigbt  from  tbe  bottom  or  floor. 
Ajq  air-space  is  left  for  the  pttSBag«  of  some  air  round  the  out^d«  of  tho  axc-b, 
and  water  is  allowed  to  stand  in  tbo  a.sh-ptt :  whilst  die  mEiin  current  passes 
above  and  ptu'tly  under  the  bars:  the  beat  which  woulJ  be  radiated  iato 
the  rock  is  thus  intercepted.  Tlio  water  being  converted  into  vaponx, 
increaseia  the  mrefactiou  in.  the  upcast  sbaft.  The  diawing,  in  Fig.  7. 
Plate  IV.,  ropiTseuta  one  of  tlie  best  fonnB  of  colliery  furnaces  for  pi-oducinj 
on  equable  vcutilntion,  especially  where  the  coal  is  irotich  given  to  clinker  and 
the  biU'S  hnvo  to  be  clcojied,  whilst  tlie  ptt  is  iit  worh.  Each  furnace  i^j  fed 
witli  cuid  altfirufttely.  The  amount  of  ventilalicni  produced  by  a  wcll-con- 
fitructed  fm'uace  varies  in  practice  from  -HHiO  to  WOO  cubic  ftict  per  minuto 
for  each  foot  in  bi*cndth  of  tlio  l?ar9.  The  huvs  nro  usually  nbotiL  six  fcei 
from  front  to  back;  but  the  first  four  foct  are  stiiBcieiit  for  tbe  lire,  which 
should  be  kept  as  thin  as  posaible. 

The  furnace  should  be  pkced  at  a  dktmice  of  Unviy  or  forty  yards  fi-om 
liie  shEift,  so  that  the  currents  of  tiir  ofdilTerent  temperatiu"eH  should  I>tJ  more 
uniformly  mixed  before  entering  tho  upeast.  Tlic  fiimace  drift  sliotild  begin 
to  rise  from  the  front  of  tho  lir^,  to  accommodate  the  t^J^pongton  of  th(?  nir,  and 
rise  not  loaa  than  one  in  six  to  tlic  shaft.  It  is  obvious  that  the  area  of  tho 
furnace  diift  should  be  larger  tlinn  that  of  the  other  main  air-waya  of  the 
mine.  In  ascending  tlie  shaft,  the  sir  pools  rapidly  with  its  heat.  In  a  per- 
fectly dry  upcast  abuft  lined  with  iire-brick,  Uie  temperatures  of  lljo  air  at 
2a  yards  Jind  100  yards  from  Hie  surface  wer&  188'  vmd  307"  roBpecti^ely ;  in 
onotber  ebaft  at  the  samcdopthSt  10 1"  and  135*:  a  loss,  in  fact.nfnbout  l"  for 
10  feet  in  ascent,  although  the  air  was  niovinrr  at  a  velocity  of  31 J  feet  in  a 
second.  This  will  bci-vg  to  explain  tbe  great  loss  austnincd  ivhcn  the  furnace 
drift  13  of  great  lenglli,  and  when,  as  ia  frequently  the  case,  it  is  contracted 
in  area,  aud  not  carefully  wnlled  and  arched  in  brick. 

An  cxmnplc  ia  given  by  Mr.  Slnive.  which  is  also  represented  in  Fig.  8, 
Plate  IV.»  in  which  a  culvert  130  yards  long,  rising  nt  an  angle  of  SO',  provided 
\d11i  a  furnace  at  the  bottom,  conveyed  tho  air  to  (vnolher  small  famaeo  at  Ibe 
top»  surmomited  by  a  chimney  fifty  feet  high.  "Wlien  tho  teraperotxiTG  of  the 
external  atmosphere  reached  89  \  the  fm-naces  reversed,  and  the  air  descended. 
This  will  bo  oxpltiinod  by  the  sketch.  Tho  eoUunn  of  air  in  the  woddngs 
lft4  yards  high  at  fOf  plus  the  eolinnn  of  air  in  the  drift  GO  yards  high,  &t  a 
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temp(TJLtm*o  of  lUU*.  were  heavier  thim  a  <]olujnu  of  air  of  ai4  yards  in  height 
Hud  ^'i'  iu  temper&ture. 

It  has  been  Aireadv  sho\\-iL  that  the  amount  of  ventilatiou  eSected  by  a 
foruaoe  b  as  th&  sqnare  root  of  the  diOereDt-'g  UctwBen  the  tcmpcraturea  of 
the  downcast  and  upcast  sh&fta,  and  ilUo  as  the  sqnare  root  of  d^pth  of  the 
hmace  from  the  surface.  It  is  for  this  rcaBOQ  that  flre^lampa  hung  a  ahoit 
distance  doAv-n  the  upcast  &haft  are  inefficient,  aud  ouly  admiBsiblQ  as  a  tern- 
poiakry  exi>ediQnt  Both  fird-huupa  and  £jre  places  on  the  side  of  a  drift  axo  in* 
capable  of  produoiDg  nay  oonsjdenible  YenLilaliQii ;  aathe  confitunption  of  coal 
'SimaU.Hnd  iu  the  latter  cajia  much  of  the  hentpasaes into th£ rock  aiuHaloat. 

The  temperature  of  a  fumaoe  shaft  is  exceedingly  TiLriablo,  and  so'also  the 
venlijation.  though  in  a  less  degree.  At  the  Morfa  colliery  (oae  ut'  tlie  mogt 
economli^al  exampks  of  fnniace  yeotilation)  QD  Lba.  of  coal  wore  tltrown  on  to 
a  furnace  tl  feet  2  inches  wide,  every  quarter  of  au  hour.  Tho  mean  tempera- 
ture of  the  nacenditig  ok  :36  yards  down  the  ^haft,  was,  just  before  U^e  coal 
wad  thrown  on,  186^;  two  minatea  after  the  supply  of  fuel,  IdO"";  at  tliree 
mmntaa  again.  I9i6*;  and  B  minutes  nft«r,  IQV.  The  writer  hoa  mtit  with 
instaDCoa  where  the  ventilatiou  has  I'tU^en  from  oue-sayenLh  to  one-fuurth  in 
uoouut  trom  the  ne^^lect  of  Lho  tnan  ta  charge  of  the  furnace.  In  mines 
Wtiere  tlia  ventilation  is  biiL'ely  aui&ciont  to  diluto  the  expluaive  ga^s, 
how  many  expkfaion:^,  apparently  diiEcuIt  lo  accuuut  for,  may  have  arisen 
from  tliia  cause!  At  the  Cymmcr  colliery,  whero  Uat  summer  iLtS  kuiaan 
beingii  we're  hurried  into  fiternity,  one  of  the  foremen  of  the  pit,  on  descend- 
ing a  short  time  before  the  explgsion,  fouud  the  furnace  very  Black,  When 
Ibe  air  rcturmog  from  a  mine  is  very  J'ouU — tliat  is,  charged  with  firo-damp 
nearly  np  to  the  erplostve  point, — itiU:*ho:sf>ff  in  long  flakes  as  it  passes  ovEii 
the  -Ere.  The  chemical  affinity  hi  raided  by  the  hi>at ;  and  these  {lakes  of  iire 
correspond  to  the  cap  upon  the  coLiier's  candle.  Iu  all  niiutis  whero  tlterc  is 
%  ooii^)di7rablfi  discharge  of  fire-dain  i,  the  return-air  containing  tho  gaa 
ahould  Q'jt  be  carried  over  the  furimce*  but  through  a  separate  drift,  called  a 
"  dumb  drift/'  Into  tho  shaft.  Tiiis  drift  should  enter  the  shaft  at  least  20  yards 
a3>ove  (f*ci  furnace  drift,  to  prevent  tho  possibility  of  tho  foul  air  becoming 
ignited  Itognault  determiued»in  iHoM,  that  thi^  apedfic  hunt  of  air  was  -2&6& 
— i.*.  that  the  aarae  Eunount  of  heat  which  would  raise  1  lb.  of  water  one 

degree*  in  temperature,  would  rake  the  sameweifjhtof  air  ^icfiij  ~^^^  degrees; 

equiralont  to  raising  -19  cubic  feet  of  air  by  one  doj^reo.  Tho  average  of  the 
coaba  expunmeated  apon  for  U3e  in  tlio  steam  uiivy,  converted  per  pound  of 
coal  cnu^nmed  under  an  onUaary  boUer,  h  niUbs.  of  water  into  ateamj  bat 
acoordmg  to  the  theoretacal  heaUng  power  of  tho  average  amouiit  of  hydrogen 
and  carbon  hi  the  coab,  each  pound  was  equivalent  to  tho  evaporation  of 
13"T75  pound.-i  of  water,  or  the  heating  by  one  degree  of  074.075  cubic  feet  of 
^.  At  tho  U«tton  colliery,  three  fururtces.  one  of  nine  foet  and  ttt*o  of  eight 
flttlin  wi()th,  gave  a  combined  result  of  1  lOOG  cubir  feet  of  air,  raised  fi3^  in 
temperature  per  pound  of  eoal  consumed,  and  IHHu  pounds  were  consumed 
on  the  furmioes  ^r  minute.    The  ninO'feet  furnace  alone  £^ve  la^SUQ  cubio 
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i^et  of  «ir  rai^d  ^^  oa  the  tv>3u]t  for  oaoh  |»oiiiid  uf  c^al.  Tbe  tCtai 
effeota  in  the  two  cases  uero  equivalent  to  raising  tSBB.OO^^  Bud  -475,2^0  eul^ 
fccit  1"  %.  hfldt  5-e9peoHvely,  It  is  evidest  that  ike  Hctton  c<>Hl*waa  of  9Qpe- 
rior  fJUftlity ;  but  that  ■flie  loss  of  heftt  in  45ie  Mmaooe  bjkI  drift  ivwo  very 
fiiuall.  The  average  ^A^tit  of  0£i«  pmiBd  of  coal  uifiy  bo  ukfn  -as  ifn^arthig 
oRe  degree  t-o  eoo.OUO  «tiMc  fe^t  ol  ftii*. 

Itis  ftneHsy  trftiidtion  to|>roceed  to  oalbolAte  the  tlieowtio  hori?e-pmver 
of  flu  opPftSl  9)j4ft^  of  wbit"h  the  flr&n  mid  depth  are  given ;  bin  it  niH  h* 
IttOTQ^mMdnRRyiO  omrtpati  *i«  iMrfhliMrk  'done  upon  the  air  hy  rt»e  pcti- 
Biafl{ttiA%f^9ii&^ptfaBft^i»id  in^Rsi'air^tfliwoe,  or  tiiHipr  cb«  hoihT  of  fi  r&n- 
iftlLhig  TDiKrhhie.  Tt  iB  'ttrsi  neoesnoy  "to  explain  the  -modes  odopt«4l  for 
Ml$Vi£]g  nt  the  ro?utt». 

^HyaautemeTrtfl  ^  ^mtftJlMUqn.^— Ths  abapl«st  iaffiliod  of  mcasming 
the  ftinfmnt  of  oil' pns^g  «l0Hg  ftn  ftir  wwy  ofunifbnn'nvn.is  to  start  from  a 
fixed  prtiiit  and  mdft  ilt^e  4b*eetiou  of  the  cnm-ent  of  air  at  endi  a  spct^d  m 
JuSt  ty  ko6pTipii|g^lbe1!*roie  rtf  a.  candle  oArriud  in  tho  inuid.  The  length 
trftveUM  in  ono  mlrfwto  mxiltiplied  by  the  nrea  of  the  air-way^  is  'flie  ^airtity 
of  air  pft^mug  per  niinuto.  It  is  very  desirabie  thst  the  wiboi'aiimte  officers 
bwiiig  diarge  of  the  ventiloltoTi  should  daily  meftstire  by  a  snnd-^lnss,  «nd 
jnwk  on  the  wrU,  the  distance  they  ean  thus  walk  in  a  mmttto  in  every  epitt 
of  ^r  ill  the  mine  :  no  better  ioBtiinotor  in  vemtilptioii  could  be  fbtmd.  As  it 
rflloolty  onder  tJdrty  ljin?ftl  feet  p<!r  minute  dues  not  nnnrdnbly  deflect 
ilie  flflmc  of  a  oandJcthis  method  is  evidontfy  only  antrpprifxlmation. 

Ponvd^rr-einoke  is  ft^queiitly  uftfld  forfhe^nrpoac.  Powdt-ris  Ilaeh^d  offfld 
tho  grounJ.  and  tft'o  obtK^rvors  murk  the  in^lnnhi  ftt'^'^^oh  fhc  smoke  pitsses 
tliem.  If  tlie  veJoeity  of  (lie  last  part  of  the  cloud  of  amoke^  as  "weU  m  the 
Brflt,  is  ob»&rvod,  tho  tnean  ftfl'ordH  a  oIom;  0i|*[»to?dinfttion  to  thetltie  i^locity. 
In  the  precedtngtnetliortiB,  a  oonsiderable  length  of  uuiftmn  air-way lanst  be 
aelecfced  ;  Iwit  ^aler  aconincy  ftnd  convenience  is  Ruined  by  craploytng  an 
Rneraometd",  which  rei^tiires  only  tobe placed  in  several  positionB  in  ttnyffptft 
in  the  airway  to  obtfiin  the  desired  Tesnh:.  The  form  of  Hnomometer  f^^nenfily 
used  ill  tbiij  coontry  is  Rirain*s.  which  ih  iUnstrated  in  Fi^.  1 ,  Tlfite  V.  "Edch 
Trevolntion  of  the  TRJiea  corn?spondg  to  one  foot  in  ihf  Unijar  motion  of  the  air* 
and  ia  registered  on  the  diftlplato.  ThoveJooitj'  per  mlnnte  multiplied  by  tlie 
area  of  the  plAce  in  Bquarc  feet,  pve  the  number  of  eubl'i  feet  of  air  Iraveilin^ 
ppr  minute.  It  is  to  be  regretted  thnt,  from  the  constntclion  of  these  sixiuch 
anemometera,  a  ounent  of  I OO  lincnl  feet  per  miirale  is  retjtllred  to  set  thvm 
in  motion  ;  lii  many  ill-rentUftted  mines  they  nrc.  therefore,  treeless.  Combe's 
Stnemomet<i\  oh  Elie  flthcr  hand,  b(?in;»  con^tYlicted  xvifh  tho  h'ghtaeffs  of  ^irt<fh- 
worh*  is  set  in  motion  by  a  velocity  df  <5nly  fliirty  fe^t  p^r  ittlnate*  ThPB 
wheels  A  A  that  tegist^tho  velocity,  eftn  be -thrown  in  firtd  out  of  gemr  wffli 
thcwolftn-B  bymenns  ofthestrtnga  CC^'Whilsit  the  fnUi-'vftiiAH  TiTt  'are  in 
motion.  Tlris  JnSfmnient,  -which  ia  generally  tiB&d  in  the  cciithaentiil mines, 
is  reprewnted  in  Fig.  2.  Plate  Y. 

If  air  h  fotned  l!irou(3h  a  lohCf  pfpoT5y'ftiy'lhn<flline,  M  drfltm  thKWgb  H 
by  some  exhatiBliiig  coniriTtmce  placed  nt  tho  other  extrffmily,  the  aini' 
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he  fomui  grftriiiallj'  to  itGcreaae  in  den^iy  Jrum  the  begiimmg  to  Iha  «iid  oi 
the  pipe ;  and  the  difTetetice  between  the  initial  densiij  and  tUo  dcnaitv  at 
uay  uthtii  point,  mil  be  a  tueoGore  of  the  re^sialiLucc  opposed  by  tli£  &ir-wav 
np  lo  tliftt  point.  The  ditferonce  of  these  densities  may  be^ceit&ined  l>y  a 
wat(jr-g»inge,  inseriod  Ihroagli  the  side  of  the  pipe,  auch  as  ie  represented  in 
Fig.  8,  Plate  V.  The  glass  tabe  being  open  at  each  extremity,  tha  difference 
of  the  w»ter-Ievel  in  the  two  branehdft  of  the  tube  measures  the  difference  of 
pressure  of  the  uatemal  imd  extenml  air.  If  the  air  of  a  mine  is  cftiefulij- 
rorawmrnri  by  a  ban>met«r,  the  air  will  bo  found  grmiually  to  diminiflVi  in  die 
eMia<d  manner  in  its  don Etity  or  pressure  ^m  tlio  bottom  of  the  doi^Ticftst 
to  the  tt(p  of  the  upcast  abaft ;  but  the  simplest  method  of  measming  the 
diiflercnce  ia  to  place  the  woter-gaugo  through  n  door  -which  »ervea  to  close 
^ine  aliort  channel  between  the  bottom  of  the  tiro  afaafts.  The  air  in  the 
gftUeries  miky  be  compared  to  a  long  spiral  e^pring  of  extreme  delicacy,  drawn 
alocM^  .thi&,|£Xoniuli  or  to  springs  connecting  carriages  in  a  railway  tmiG.  The 
expftftaidn  1^  any  point  meaaures  the  resistance  of  tlie  paxts  tcMc^  follow.  If 
iLo  tiain  is  propelled  before  the  power,  the  compreasion  at  any  point  meaaares 
the  rusiatiuice  uf  the  pftrts  which  precede.  If  the  difCareace  of  the  level  of 
the  VFaiar  in  Uie  tuhtia  i^  one  inch*  then  thQ  weiglit  of  a  square  foot  of  wat^i' 
oDcinch  deep  bein^  5'19lb.,this  i£  the  total  reftlstance  offered  on  each  square 
iiiot  «f  Ui«  tiir  way  to  the  passage  of  the  air  round  the  wliule  of  the  galleries 
of  tho.mine^  Xhia  is  conuutjuly  called  the  **  drag"  of  the. mine,  ^ultiphed  by 
the  area  of  the  air -way,  nnd  then  again  biy  the  velocity  of  the  air — or,  what  is 
tlic  same  tiling,  at  once  by  the  quantity  of  air  paadng — the  xeeult  is  the 
amount  of  UBfjful  wtf^  done  npon  tbe^air  in  iorcing  or  dinwing  it  through  tlii* 
nunc.  To  Hub  tho  reaiatances  of  tke«haftfi  ought  Btriotly  to.be  added.  Tlic 
watcr-gange  is  not  only  a  uacfid  infitrument  for  mt'aeiiring;  iJie  work  done  on 
the  air.  aadinatitutiug  a  comparifiun  of  Tentilatiug  powers  ;  but  by  observiji^' 
it.  aa  well  as  the  amount  of  ventilation,  tlie  person  in  ch  urge  of  the  iattcr  can 
^aotktstffecX  of  his  enlargements  or  ai^littiug  of  tho  idrcuneiits;  And  by  a 
ff«^4""  -ziae  in  ihe  water-gauge  ho  H-iU  luiow  that  tlie  fall^^ixNf  or  oihm' 
ohatntcfttoai  in  the  nir-wittyB,  incroa&ing  the  rcaisLonce  of  Uic  .air  ami  dimi- 
wiahiwg  lis  quantity,  has  occurred,  A  rise,  on  the  other  has»d,  might  be 
OBB&rd  by  leaving  opun  a  dt>or,  thus  giving  tlie  air>cnFrenta  a  ahoitar  nm. 

Aillic  T^-no  Miiia  CoUuiy .  34.^dk>  eubio  feet  per  minute  were  exhausted  at 
»  drag,  Jui^aAUr&d  by  O'Sinch  of  water,  tinder  naturjU  ventilation,  caused  by  n 
diiftirtince  of  iiO^  between  the  two  ahafU.     I'he  horse*powcr  expended  in 
cfiectivc  Jceu^luticin  was  tlterefbre — 
cnb.  ft.    inohfs.       lb> 

33,000  ^ 

Br  the  voaBomption  of  lG'761bs.  of  coal  per  minute»  which  iucreasod  the 
difference  of  temperature  to  Bi",  tlie  useful  work  became — - 
•Asb.ft,       inebw.        lb. 
10M76  X   D15  X  fi'lfl 
33,000 
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This  ia  the  power  of  a  shnft  90ft  yards  de^p  and  50  square  feet  in  arcft.  At 
the  H<?!tton  collieiy  tho  tipcflst  shaft  is  1&3  square  feet  in  flrea  and.  000  feet 
dpcp  to  the  three  fitrnflcoa:  a  difference  of  tcmpemture  of  S9'  in  natural 
ventiktion  produced — 


127.14.3  X  0-6fi  X 


Lbs. 
5!0 


33,000 

5ud  a  difTerejioQ  of  temperature  of  PO*, 
I'^^dlbs.  of  coal  per  ramutc^  yielded— 

cub.  it.     iscbe*,      liw. 
208,465  X  1'2X  0  l»_ 
3a,000 


;:;  U  borse-poveri 


tlie  result  of  tlie  consmnptaon  of 


39-34  horte-po^cT. 


The  l^iie  tnain  nnd  Hetton  slmfta  yieldi^d  0'8i  and  l*fl  horse  power  by 
the  consumption  of  I  Jb.  of  coal  per  liiiiiute^-Q  differoncc  ovnn^  to  the  higher 
temperature,  Uie  unequal  urea,,  and  tho  melel  tuheing  in  the  former  shaft. 

The  avei^ge  of  the  coals  tried  under  the  Admii-altrhoilcr  for  onlbs.  com 
Bunied  ppr  hour,  evtiporat^d  ^  cubic  feet  of  wftt«r,  eqmvntent  nommally  to  B\ 
hrtr^e  jiowcr.  It  follows,  in  this  view  of  tlio  qjneatiou,  that  the  Tjnc  main 
shaft  jnelded  no  more  than  OJ  per  cent.,  and  the  Hetton  no  more  thrm  I7j  per 
ceiit.  of  the  naefnl  effect  which  the  same  quantity  of  con!  is  eapahle  of  yield- 
ing when  Bpplied  under  a  hoiler,  A  wide  margin  is  Uius  h^fl  for  tlie  iutruduc 
tion  of  a  more  economical,  if  not  more  convenient,  ventilating  power. 

It  hag  been  shown  that  in  RttemptiiifT  to  increase  the  ventilation  in  any 
colliery  without  altering  the  air-way,  the  resistance  increases  as  the  square  of 
the  veloritr,  Thus,  if  the  velocity  lie  doubled,  the  resistance  will  be  four 
tinieH  as  great,  and  the  power  expressed  will  become  SV  x  2'E  =:  9*\1l  r  con- 
soquently  the  power  reqtiired  to  increase  ventilaUon,  tJie  air  pourses  remain- 
ing; the  &ame,  increasea  as  the  cube  of  the  velocity  or  ventilation.  Bat  trara 
tlie  losa  of  heat  at  liigh  t^^nipemtiireHt  and  other  cbubos  incidental  to  the  em- 
ployment of  power^  it  should,  in  practice,  be  calculated  that  the  fourth  power, 
ratlier  than  the  cube,  appro jdmntefs  to  tlio  expenditure  required  in  ventilation. 
It  may  easily  be  conceived  iJxal  a  practical  limit  13  soon  reached  in  the  appli- 
cation of  any  ventilating  power;  but  soonest,  perhaps,  in  the  case  of  the  fur- 
nnee,  in  consequence  of  the  higb  temperatures  and  the  simJl  exhaustioii,  not 
exceeding  in  any  mine  IS  lbs.  on  the  square  foot,  wliidi  it  atTords.  Bnt,  onthe 
other  hiuid,  if  the  ventilation  is  iucreaRinl  by  Rplittijig  Uie  air  current  into  two 
aii'-wnjfi  of  the  same  area  and  lenrrth.  double  the  jiower,  in  lieu  of  eight  times 
tliG  power,  is  all  that  is  required  to  double  tlie  vcutiktion  when  the  sJhftftsare 
adequate  in  area-  It  ia  by  oarrying  out  tlijs  principle  that  the  natural  vto* 
tilfltion  of  tlie  Hcttou  colliery  exceeded  the  highest  furnace  ventilation  at 
Tync  main. 

An  important  dednction  may  he  also  drawn  from  tlie  nrtiiicial  ventilation 
being  ia  one  case  double,  in  the  other  treble  the  natnrnl  ventilation ;  viz.  tliat 
the  air- cnnrenta  should  bei  arr«Uf*ed  in  accordance  with  the  principlei  bcfont 
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BUte«I,  SO  OS  to  obtam  the  greatest  asaLstance  trotn  the  oAtuml  tendondei;  of 
tlie  ftir. 

The  Stcun^Jet.^^ — Of  the  variauB  TentUatuig  powore,  Uas  is  the  most 
nearly  alliod  to  the  fum&ce,  when  the  &teaiu  is  allowed  to  i^ua  near  the 
bottom  of  the  ahaft,  for  the  t^mpt^rature  find  aqueous  vapour  both  aid  in 
rRFe^ringtbe  aacettdiag  air.  This  is  Uio  chii^f  effect  produced  hy  a  bkst-pipe : 
and  although  very  convexueal  in  the  locomottro  engine,  whera  the  run  of  tho 
air  ifi  short  and  the  eihaiuitiati  required  smalls  it  ia  oaaiuted  to  the  efficient 
Tdktilfttioia  of  a  osino.  The  introductioa  of  the  atcam-jet  as  a  ventihiting 
power,  idtliough.  instances  are  on  record  of  its  previous  employment,  is 
chiefly  due  to  ;Mr,  Gurtiey,  who  proposed  it  to  a  Committt^o  of  the  House  of 
Commoos  on  Coal  Mines  in  1635,  The  action  of  tho  steam  is  voriouslj  ex- 
plained. Mr.  Gumey  describes  it  as  acting  by  impulse  and  a  partial  vacuum, 
others  by  the  friction  on  the  air  carrying  the  latter  al<mg  with  it. 

A  single  jet  is  represented  in  Fig.  4»  Plate  V,  The  orifice  usually  varies 
fitna  1th  of  an  mch  to  :|tU  of  on  inch  Lu  diameter.  The  steam  forms  a  cone, 
which,  vrith  the  last  named  aize  of  jet,  and  a  preasure  of  30  to  40  lbs  in  the 
boiler*  is  1  ft.  6  ins.  in  dUmeter  at  4^  feet  fiom  tho  jet-pipe.  Its  moat 
economical  effect  is  obtained  when  it  is  surruunded  by  a  cylinder  not  exceed- 
ing this  diameter,  and  whose  length  is  about  eight  times  the  diameter.  Glcpin 
fotmd  tlte  maximnin  useful  eifiect  ^vith  a  cylinder  8  inches  in  diameter  and 
3  feet  long,  when  the  steam  was  at  a  preflsure  of  75  lbs.  It  occupied  also  a 
promjneut  poattlon  in  the  Investigations  of  t}ic  Soutli  Shields  Committee,  nnd 
the  Parliamentary  Committees  of  J&IO  and  IB^^.  The  Seaton  Delaval 
colliery  was  long  quuUsd  aa  agucccsBful  example  of  steam-jet  ventilation.;  but 
M  the  ttjmpemture  of  tho  up^^ast  was  130^— ».*.  8y°  hotter  than  tho  downcast, 
cauaod  by  four  untler^otmd  boiler  fires  and  gas  retorts*  consuming  24^  lbs.  of 
coal  per  minute — it  ought  to  be  considi^red  a  furnace  ventilation^  rather  than 
as  effected  by  the  steam-jet.  According  to  tlie  colliery  mcasuremenid,  3'2T4 
cubic  fcet  of  oir  per  minute  were  obtained  for  each  lb.  of  cools — according  to 
thtf  OoTemment  Inspectors,  only  1B613  cubic  feet,  whereas  we  have  seen  that 
lh«  Tyiie  main  and  Hetton  lurusceQ  ^ve  respectively  6030  cubic  feetr  and 
UOUO  cubic  feet  by  the  consumption  of  lib.  of  cool  per  minute.  The 
esftggerat»d  viewB  entertained  of  the  economy  of  tJie  steam-jet  by  somepersong 
we»  exposed  in  the  elaborate  e3jperiment8  of  Mr.  Glepin  in  1844 :  but  it  is 
to  the  tiberaUty  and  talent  of  liifr.  Kichola^  Wood  that  the  mining  world 
ehietly  owea  a  series  of  ex];>erimeuts  made  in  l&5a,  on  a  scale  never  before 
sttempted.  These  trials  on  the  largest  mines  in  England,  whilst  establishing 
the  true  relative  position  of  the  furnace  to  the  jet^  have  conferred  great benciit 
by  promotiiig  the  science  and  practice  of  ventilation.  At  the  Hetton  colliery. 
Oiirty-^even  j«;(s  J  inch  in  diameter  (in  total  iu*ea  181  squaro  inch)  exhausted 
Uia  fltaam  at  40  lbs.  pressure  from  two  boilers,  with  hcuiispherical  ends 
!y  foct  6  inchea  lii  diameter,  and  30  feet  long,  wliicli  ovapfjmted  117^  cubic 
feet  of  water  per  hour»  coaaumiug  for  this  purpose  at  the  rate  of  3C*i  lbs.  of 
coal  per  minnte.  The  jets  were  on-anged  uniformly  in  tubes  in  !he  area  vt 
the  bottom  of  the  shaft.    The  downcufat  nnd  upcast  nk  weto  X!iavftc1i.\*i\^'  flX 
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46^  iLud  IKI*;  difiWeaoe;  44^.  The  qimntity  of  air  averag(?d  109,013  cubit;  feet 
per  imnutG,  lit  a  drog  of  4  15  lbs.  ou  the  squnre  foot,  cquivaleiit  to  2U  12  horse- 
power  tpf  Ufttful  eflecfr;  and  snbtrttcHing.  ns  befoi^t  U  horsepower,  the  ^ork 
due  to  natural  vontilfttioii,  the  u»efTil  effect  obiainptf  from  the  jata,  including 
the  iiicroased  temperature,  Twita  0'30  Iioree-power  for  oach  lb.  of  coala  conmnned 
per  minute,  one-ftrardi  only  of  tlia  economy  of  the  fxiniBoe. 

At  the  Tytie  Main  CoUierr,  aixty-ono  jets,  eftch  A  of  an  inch  in  ifiameter 
— Trailed  areii.  I  08  Bcjnare  incb — were  plowed  in  eylindftrfi  0  feet  I<*!i^.  and  1 1 
inches  tji  dittmeter,  close  to  tlio  top  of  tlie  sliuft^  the  spaccg  behrcen  th& 
cylinders  being  closed.  Two  boilei'Sp  30  feet  long  and  fl  feet  indintneter,  coa- 
aumcd  20'4WlbB.  of  coaJ  per  minutL'.  Jwid  ovap&nitfld  109  ctibic  feet  of  crater 
per  hour^  erpiivaJent  to  the  suBae  nmnber  of  horsea-poxver. 

Amount  of  vaidiLkLkui ^,dO0  Aub.  ft.  pu  tuui. 

WaCar-gB,ugc         ..,,.--..-..  0*4  UKik 

Brag  on  aqtuiTG  foot 2  lbs, 

Tjwful  effect  by  jot*  Bud  twtiindventUttticna  .     ,     .     .  ^-tS+lrorse-power 

l.'e.<^al  offeet  by  ra^ml  vnidiiitioa  alone  ,     .    «     ,    ,  I'lO       ,>        ,» 

U*eftd  elfoct  by  jcta  idoiwj       ,.*...-.«  i'014     ,,         „ 

Useful  t'ffeot  by  j  ute  alone  per  lb.  of  coal  cDusumed  per  i  o  098 

minute     ,.....-..*...)  '*        '* 

Uooftd  eflbet  byAttnat^e  bIokb  per  lb.  of  coid  eon*  I  ^-ai 

«n«d  per  tDiduIc .  J 

Useful  uffixt  bf  juU  imd  iWnaoa  together  p«r  lb-  o£  k  d^^o?)^ 

cool  per  minut&       .     ...4     .....  ji  "      "         " 

m^tnn  tiiQ  above  atotemsnt  it  ia  evident  that  100  horsepower  oxpoiKlvd  in 
atema  only  produced  *2'rH4  horee-power — less  than  two  per  cent,  of  nsefnl 
effect.  Using  fLi<?l  as  the  Ht^ndardl  of  coraparissou.  the  ecouoiily  of  the  fotua-cc 
is  eight  tinses  greater  th«n  that  *>f  tho  jet,  By  cnlciilHtiou,  ftn  addition  of 
'20"  tu  the  tenaperatara  o#  tbe  upcast  by  the  consainptaon  of  ^  tbs.  of  cool  per 
mintite  infit«ad  ef  SO^tlm,,  ^m»uld  Mveyielded  the  Homa  amount  of  ventiljUion, 
40 ,60&  enbJo  fM  p«r  minute. 

The  it&uibjet  hfls  been  reeommendetT  lu  an  ftnidliary  to  the  ftamflc*. 
Probftbly  no  mjire  fliTouraMe  example  conld  bi?  found  than  the  Tyno  lutun 
pltaft;  and  yeC,  idCLough  tho  maximum  of  fset  obtained  by  the  &inMM«>  w«a 
102,500  eiibjc  feet  at  \"2  inch  water^iCinugo,  and  t^e  m&xiiman  by  ftatima  — d 
jets  combined  was  108,6'^'*  cnhie  feet  at  !  25  inch  water-gaage.  thfl  oonsmnp- 
tion  of  eoal  wa9  increased  &ora  1<5^  tg  ^37:1^  lbs.  of  oo&l  per  minute^  Ab  Wtt 
proceed  wiA  the  e^ninination  of  the  otliorventilnting  jkjwihi,  it  will,  hy  com- 
ptKrisent^  KeeoniA  still  more  maniibst  thiu.  tlie  steam'ftt  iv  one  of  tlie  moat 
ettpenw»to  nHUQiain;  but  in  cooa^^enee  of  tho  insigniScant  coat  at  which 
t£e  jete  can  be  apfrfzed  to  a  shaft,  ft  will  often  be  a  ccmreEuent  mode  lo  apply 
TenttlatMn  m  the-  aanMng'  of  a  iImA  tm  otbar  temporaxy  ^m%,  wljere  there  iu 
boiler  power  to  sptiffc  M^MX^at  «sploflion  of  firo^daai^  wbe4a»  on  aconnt  of  the 
danger  of  anoib<er  explosion,  tho  fnroace  is  extingnifihed,  the  Btoom^t  nay 
provff  a  valnahle  expedient. 

MecHtutl^ftl  Teatllati«a,^-rraTin^  thus  poised  iir  review  two  claspes 
flf  Tpnftilftting  powers,  there  still  remain  for  consideration  TentHatien  by 
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machiaea  moA  by  water.  In  jpgtitaitiiiyatt  acoKoamioi  coaapariaottof  the  power 
tfXpoKLded  and  the  uaol'ul  alTcct  invdt^od^  w^i  «kU»  ^i  umpliicit^,  comtuiiie  to 
emfAoy  tJba  BAme  uuit — viz.,  tiid  cooattfttpCioii  of  1  Ik  of  ooal  par  miaute — 
aitiiougli  BttlQeot  to  the  vm-i&tkujfi  or  on^ora  iacident  to  tkfi'  tcftusmi8»oa  of 
tiia  power  tluoogb,  boilfca  and  eaguisfi  of  varloua  coastractiozi  and  eifioctrnK 
neas,  to  the  mAcMnps  ^hich  aloiue  op«ra,tfi  upon  tlva  air.  Mi«oliikiik-iiI  venti- 
lAtora  juAy  L«  cJA^aificd  iato  pump^s.  fasts,  acj?ews,  and  p«L«iiSBa£lc  wheels. 
The  (luck  ioacMiio  of  Cornwall  aud  tka  Hfirtz.  tka  two  greafc  acboola  of 
TnittaJlifijQUB  miiim^  ma^v  be  conaidcreJ  oa  tlie  type  of  tlie  Htsb-iuiiaed  daaa. 
It  waftjjcipxoTed  by  Mr.  John  TajXqir  in  IHIU.  Jt^igrue  5,  DatuV,,  repMe&ute 
au  ittV«Kt«d  tuW  A  A  saepeudod  ^ui  a  h^nm,  and  workiug  up  and  dowu  iu  Ui« 
WAUr  B.  Aa  the  tube  aacends,  Iho  Todvea  C  open,  aud  it  becomeis  iUkd  Tvitli 
Uie  ftir  of  the  fiiiuo.  In  descending,  the  ^ves  C  close  by  their  ovm  yteight, 
ami  Lhe  etichfiacd  liir  is  forced  out  ihrougii  the  volrea  D«  An  unproTcd 
niaxrhiue  hits  b&au  fur  many  yeais  vcatihktiu^  tha  Miuihaies  colliery  ncrnj: 
6«tiUiJ£.  Two  iron  tubs  or  oerometeirs,  €ach  It  foet  13  inches  iu  diameter,  ai'^^ 
mmMHiail  Ut  ft  b«Am  oilowiun^  of  a  li^e-ftiut  Htrolii?.  T1m3  velocity  of  each 
aaromftW  was  l:<!f>  liu^al  f^act  per  miuute ;  and  11^500  cuhio  fi3«t  of  air  per 
minute  wwte  exiiaiisted  at  a  drag  of  fi^lba>  per  sqiuaa  foot,  Mr.  Struv^ 
of  SivEULSvo.  by  OQVcrixjg  over  thi2  oerotaeLers,  »o  ad  to  miJcfrtkcnLdouble-acLiiig, 
and  by  placing  the  va2vtis  at  ihe  side,  iu  order  to  r«idiuie,  by  hy^4  valve-area> 
ibo  {luormoud  loes  of  pQwci'inthe  valves  of  the  above  tuacluneefUaasucccodcd 
io  piKHluciDg  a  mochme  fkr  sup«rk»K  to  ita  preoinLiup;  ti-pea*  and  oxrellentjy 
fuiapAiMl  to  voolilfttioa  and  to  th^  exhausLia^  of  largo  bodi^a  of  air.  Figiurtj  0» 
tOalA  v.*  repro^dQts  thi^  nuiA^Iiin^  CfHSMfiftwl  to  a  winding  shaft  H,  which  is 
oLoMd  at  all  tim^  by  the  liftia^  covers  CO.  A  k  tliC  aerom^^ter  t>A£iocmiJig 
its  doKoward  Btruko ;  ]>  D  are  tha  vatvoa.  It  ia  evident  that  ea«h  aansMter 
iii  both  TthMnting  from  the  mine  and  discharging  into  the  atmosph^ra  in  all 
l*krlA  ot  ila  00(ua«.  Tha  largeisl  ventilation  hiDicrto  con&Utiot^  m  at  the 
JklidiLW  DyiCryii  Colheiy  iu  SouUi  Wnkis.  It  cou^iijita  of  two  aerometers,  each 
tinHitjy  (»&t  in.  diiunetfir  on  an  ei^ht-faot  atrolfc,  wliich  are  tliercfar«  capable 
of  exlmttstiog  JU.OUO  cubic  fe^t  of  aif  by  each  Btioke,  It  is  eiEpected 
alM>  (fi  maka  aiglti  strtd&o^  pex  uinutQ  whcu  providfid  "nith  an  engine 
adiiqHMlB  to  ih&  rwifiiaju>o  of  the  mine.    The  following  mauhinoH  ata  now  at 
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Fig.  t,  Plftte  v.,  represents  a  section  of  a  double^&ctmg  air-piunp^  applied 
bj  l^lr.  Briddle  at  the  Hebbora  colliery,  wheu  the  difichjirge  of  fire-darop 
rendti'od  Uie  employment,  of  a  fumnce  dangeroiis.  The  cylinder  was  6  feet 
and  5  feet  square,  and  tlio  piston  mado  ao  strokes  0  feet  in  length,  per  minute. 
Mncliincs,  ivith  pistons  of  ]  l<jt  feet  in.  diAjnetor  and  counterbalanced  valveff, 
have  since  been  Erected  at  mines  near  Liege. 

FatiB. — The  common  suaight-vauod  fmi,  with  air  entering  on  *rcU  side 
of  Uie  CL-ntJ-e,  as  m  Letoiet's  fan,  Ims  been  erected  by  Mr.  Nastnjth,  at  Uie 
Skiers  Spring  and  Abercom  mines.  The  fan  at  the  former  place  ifl  6  feet 
in  diameter,  at  the  latter  1^  feet.  A  better  eJl'ect  is  produced  by  Letor^t's 
fan,  of  Tvhich  there  are  many  esamples  at  the  Belgian  nxines.  The  sloping 
vam^BAAojre  adjustable  to  angles  of  fiom  110°  to  130'"  to  tlie  radius  (as 
represented  in  Fig.  B,  Plato  V.),  according  to  Uie  vclodty  at  which  they  have 
to  be  worked,  B  are  the  entrances  for  the  air,  at  C  is  Uie  connection  with 
thti  upcast  shaft,  and  D  is  the  drum  by  whicli  the  fan  is  driven, 

Figs.  Irt  and  1?^  Flate  VI.,  reprosent  a  verlical  and  horizontal  sectioi? 
of  the  curved  vane  fau,  iurentcdand  applied  to  several  mines  on  the  Conti- 
nent by  tlio  Inspector-General  Coanfaes.  A  A  arc  the  curved  vanes,  occu- 
pying one-^hird  of  tlie  olrcttmferencc :  B  is  tlic  Bhnft.  By  calculation*  the 
apringing  of  tlie  vanes  ought  to  form  with  iho  radius  an  angle  of  150*. 
The  fuu,  which  appears  to  avoid  most  of  the  soarces  of  loss  of  power,  is 
that  represented  in  Figs.  '2ti  and  Qb.  Plate  Vl.  It  ^as  invented  by  Mr. 
George  liloyd  of  the  Borough,  and  gained  a  medaJ  at  the  EsJiibitlon  in  18S1, 
At  A  u  the  communication  vriLh  the  fihaft,  at  B  tho  openings  from  it  into  th? 
fa^,  and  C  C  ore  the  voncs,  wliich  occupy  only  one  sixth  of  the  circumference. 
The  throttling  of  the  fiir  in  entering  between  tlie  sprin^ng  of  tlie  vanes, 
whJL'h  causes  tbo  loud  humming  noise  in  fans  ninning  at  a  high  velocity,  is 
nvoidcd  hy  maHug  tlie  vanes  vi,'ider  at  that  poiut^  po  thai  the  passage  for  the 
air  through  the  vaueg  is  of  tlie  same  arcft  tlironghout.  The  aame  result  has 
been  obtained  in  a  conical  fan  contrived  by  tlio  ivriter,  and  represented  is 
Figa.  3fl  and  36,  Plat©  VX.  A  is  the  upcast  shaft ;  B  a  hollow  cone  of  sheet-iron, 
betiveen  which  nnd  the  outer  conical  side  C  arc  the  spiral  vanes  D  D.  There 
is  less  loss  of  the  vis-vird,  in  conseqnenci?  of  the  shght  deflection  iindergoue 
by  the  oiT'Currest ;  and  by  increasing  the  Icngtli  in  proportion  to  the  diameter 
of  the  cone,  a  greater  exhaustion  or  comprcssioii  can  be  obtained  than  by 
ordinsTy  fans. 

Herburgei's  fan  was  applied  more  than  twenty  yeai-s  ago  lo  vcnti- 
lation :  it  is  represented  in  Fig.  4.  Plate  YI.  It  ie  similar  to  the  fan  invented 
by  Kr.  Brunton,  hut  has  thia  advantage,  that  each  nlternEite  vane  B  being 
shoi'ter,  tliere  is  less  tlirotlling  of  the  air.  The  ingress  of  th@  air  is  pr^ 
vented  by  a  sheet-iron  ring  dipping  into  water  at  C. 

Muttc's  Archimedean  screw,  represented  in  Pig.  0,  Plate  VL*  was  appU*4 
to  the  ventilation  of  mines,  and  was  awarded  n  gold  medal  by  the  Belgiu^n 
Academy  of  Sciencee  in  1840.  Since  that  period  a  large  nmnher  of  ven^ 
latore*  upwards  of  two  htindred,  of  vaiions  liinds,  have  been  applied  in  that 
countrv  to  tlie  ventilation   chieflv  of  Uie  coal-mmee,  in  vrhich  tlie  seams  of 
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ooal  are  extremely  tkin^  and  wbich  He  at  a  high  indinatioD,  tha  air^wnjs 
being  couseqtieiitly  small.  Sovorol  kinds  of  yentilfttore,  in  form  nearly 
Teflombliog  liis  anemometer,  have  been  employed  by  Mr.  Bmim  to  voiLtilate 
collieii^a  At  Elsccar.  Lesoume'si  TeutHator,  in  tlio  Belgian  coal  field,  cloaely 
reeembles  it,  the  vanes  being  fix@d  at  ihe  angles  given  by  Smeaton  for  wind- 
mill 8a.U3. 

The  tw9  ventilators  nio»t  frequently  erected  in  Belgium  ore  Fabry's  antl 

Lemiell«*s.     The   latter  consist  of   two  wheels s 

reTOlving  in  opposite  directions  in  a  case  A^  by 
meana  of  the  extomiil  cog^vheda  BB,  Fig.  0. 
The  co^  of  one  of  these  machines  was  0  fuel  t> 
incbea  in  length,  projcctiiig  5  feet  7  inches  from 
tine  Mfitre,  and  was  propelled  by  a  I'^^  horsepower 
>te«iit«tigine,  ai  12  inch  cylinder,  and  2  fectetroke. 
The  three  teeth  of  the  axle  drives  the  air  in  the  fitr.  «■ 

direction  of  the  anows,  '\\'ith  a  peculiar  arraugement  at  tlie  centre,  which 
prerents  it3  iretum.  With  the  steara  at  41  lbs,,  the  niimboT  of  strokes  was 
4^;  the  quantity  of  air  eiliausted,  24, -100  cnbio  feet  per  minute,  at  a  reaia- 
tmce  of  W^  lb9.  per  square  foot.  Its  most  economical  effect  was  at  12^  lbs. 
Tho  machine  cost  i!nW;  with  engine  and  boiler,  engine-house,  cnlvert,  itc, 
£.Tirft.  The  annual  expenses  are — attendance  and  repairs,  £-17  ICa,;  coala* 
£i*l  iCa. ;  total.  £i(yQ  13s.  Ueeful  eHect,  T  horse-power;  and  for  each  lb.  of 
ooal  per  minute,  3'fi  horse-power.  Fabry's  mtichiiies  are  more  used  for  foroiiig 
the  air  through  the  mine  than  in  exhausting  it.  Mr. 
George  Jones  of  Birmingham^  clairaa  the  invention  at  an 
enrly  date,  of  a  macliinc  ahntlar  in  piinciple  to  Fabry's, 
but  of  greater  simplicity,  and  in  more  perfect  contact  of 
the  revolving  pistons,  It  is  represented  in  ficciion  in 
Fig.  7.  Lemielle's  ventilator  bears  much  resemblance  to 
the  rotary  steam-engino.  Vcrzy's 
closely  resembles  it,  being  a  cylin- 
der llattened  on  two  aides,  revolv- 
ing,' on  an  axia  inaido  an  air  tight 
case.  To  theae  flat  sides  arc 
tho  flhutCcrs  BU,  which,  by 
means  of  tho  oonneeting-roda  moving  round  tlie  cccen* 
trie  axis  E»  are  opened  in  passing  Uie  spAco  C>  and 
clo.%0d  in  returning  by  D.  The  air  is  thus  jiropellcl 
in  tlift  direction  of  the  arrows.  One  of  diesc  ventilft' 
lorn  at  the  Bois  de  Boussu,  exlmuated  21,000  cubio  PI».  i. 

f«et  of  air  at  an  exhaustion  of  -il  inches,  or  21  &  lbs.  per  square  foot  drag, 
equivalent  to  lG6borso-powor  of  useful  effect.  Ahonzontal  high-pressurd 
engine  of  ^1  B-incli  piston,  and  2>^inch  stroke,  making  80  strokes  per  miuuto, 
eoiifeiimed  the  power  of  5  lbs.  of  coal  per  minute.  Tho  ventilators  of  MoUe, 
Combes,  Biram.  and  Brunton,  are  Huitable  for  overcoming  a  dmg  of  abnut 
(k  lbs.  per  square  foot    Letorct'a  and  Lloyd's  iaaa  con  \id  \\oxk^^  u^  ^Xk 
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10  lbs.;  the  pieceding  lOEicthiues  are  (Capable  of  being  aided  hj  any  ufttur&L 
TQutLLutiaix  whicii  muj  e;u«t,  and  Gzdmtiai.  sudidLnQj  to  vontiii&to  mosl  nunea 
wliarQ  the  oir-coursi^s  are  well  laid  out ;  yet,  Ite  aU  qiuok^ni&Uan  "pi^li'ffftf^ 
they  OKliiJbit  a  cousiileji^blc  Iobs  of  pawer. 


VflBiUatiDBLDiay  be  api>Liiul  wU«u  Qiete  is  iva  eKcoBS  of  panDping 
power  in  any  miiiCt  nilb  an  ouUct  for  it  by  an  arlit,  level-  Water  "wliere 
thrown  into  a  dowueaat  sUo-ft  aftor  aix  oxpiuaion  of  lire'dAiDpt  cv  wli£lL  the 
air  bccamcs  dull.  utdG  Iho  VGntilatian,  by  coDiiug  the  air.  Mr.  Gre^iurell 
found  at  thfl  Blox^kboy  coUioty,  tliat  a  fall  of  water  from  two  lioles.  one  inch 
in  diameter  eitcb,  tg  a  doptli  uf  12{'>  yanla,  iiu're^ed  ih^  veuLilatiou  in  one  of 
tlie  districta  from  9304  cubic  feet  of  nir  perinijiiite  l^  ll.&rr5  cubic  feet,  i'igs. 
3  to  12, represent  m  Bccliou.  four  meiitodB  in  wliicJi  waior  has  beon  a{ri)ii«iito 
iiiino  veatiiation.  ¥ig.>  t>  ia  ih«  wat^i*  trunk  iised  in 
Coituidi  minee.  Tbo  wator  HoTraog  from  A  bteali^on 
tltcuron  bars  D^cntan^^iu^Uie  airiuitseUrcam,  The 
AErpoaBesoti  by  tlic  U^uk  1>,  aod  Uiq  water  collects 
and  overflows  Cram  Uio  ei^jters  C.  Fig.  lOrepreaetita 
tJta  water-bladt  (£r  c?pft/r«)  bconglit  bty  the  Mqoib  iota 
Spain.  At}d  u£«d  for  blowing  the  Catalan  forges.  XIm 
pipe  B,  which  thfi  wJitar  onteiftiu  ^  fofinial-akaped 
BtreiuDf  regulates  the  diachttiy  o£  water.  The  air 
aitt«za  ohiclly  by  the  h(A&H  jost  bdaw;  and  when  tlxi 
wikter  breaks  on  tbe  block  C,  is  forced  through  Uia 
"  oir  trunk  D.  The  waato  water  overilcwfi  at  E,  A  great 
mist-ake  is  si^raetimf'S  coaamitted  in  making  (he  air- 
It  is  qtiantify  of  air,  not  Telocity,  thai:  is  rCQ^uircd  in  nn- 


I 
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dor^-oTuid  operatiouB.  Fi^',  1 1  diUurs  cliielly  Ixom  llie 
last  in  the  tfig-rina  of  tlie  falling  water  not  being  ex- 
pended on  th$  dashing-blocrki  but  digiributod  on  leav- 
ing the  apGrtnre  C,  over  tha  area  of  any  shaft  in  which 
the  water-blast  may  he  placed.  Fig.  1 2  represents  the 
applicntiou  of  water-jels  to  the  vontilafioiL  of  a  gaUeiy 
extending  700  yards  from  the  shaft.  Tha  air  was 
brought  down  by  the  wooden  trunks  C  G.  The  water 
entering  lliG  roso  A  passed  doT^n  tho  one  inch  gaa  pipfi 
B ,  and  was  discharged  iiniter  ninely-fonr  yards  of  pres- 
stiro  t^irough  the  copper rosoall  I>,  placod  intlie  ceairo 
of  the  air  trunks.    The  wator  issued  Uka  cond(>tised  R^u^  rif.  i& 

steam  from  &is  J^ole^  of  ons  sixteenth  incb  diameter  in  each  rosa.  Tha 
air  attained  a  TQlocity  througli  this  great  length  of  pipa  of  tiflO  iinoal  feet 
per  minnte,  and  kept  tho  ends  at  all  timee  clear  of  powdar-amoke.  Hie  ez.- 
pendituro  of  water  was  short  of  ux  galloufi  per  znittntA.  The  mftlbod  ie 
aapofaifl  of  great  oxtcub-ion  by  amuoging  b  seriea  of  pij^s  a&d  jetsintfaa  azsa 
gf  &  abafti  either  to  force  or  ekbanst  Ham  air  of  a  miof.  Nu  QxpariiiMOiteJuLT* 
been  yert  made  to  det(rmiin«  whether  a  mine  can  he  more  eGOflomioally  Ten- 
iilated  by  a  pumpui|^^guto  than  by  other  powers ;  but  W4t«r  oieapiag  under 
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^remitkTe  may  be  applied  with  ta^al  adTaniage  to  TQntilate  the  hot  ends 
in  metaUiferoTzs  imiie«^ 

■ilitn^  of  ntaiBg  Jniiffp k ■  Jcno*> — In  tha  fotu*  y^ars  ondiug  with 
X8&4,  there  were  lODt)  iiVL^  HA^^nJlfiMi  by  ^ODesq^losionB  of  lii«-dajnpf  formmg, 
l|q«P«v«r,  hawily  one. fourth  uf  tli*  d«alli»  in  tioiil  nunmg  (39T2J  duiiag  tli&t 
IPmMn  on  which  inqiiestfl  were  liold.  Il  is  probaUe  tliat,with  the  oxceptioii 
«#'CflAMte«pfa«fiaz3&i&g  from  tir«  damp,  the  accidentfi  iu  matailiferons  mines 
■BA  at  Isfeflt  u  frsfneat;  and  in  botii,  Ji  greater  niuabot  ni^  p«rmaiiGiitly 
mftimed  or  die  iu  ft  short  tdme  from  tlio  ooiisequeiicus  of  ocd^deiiLs.  WhilBi 
inqiMstB  are  held  annually  on  46  ooUiem  onl  of  lOjJDO,  there  ure  up^vardt;  of 
TOOaimiially  ivjorMl.  ICad  it  not  im^jL  tot  the  nWvGk  piodactd'  ou  public 
wrmpath^  hj  tb&  harrowing  details  aFimng  &Qm  the  sacriflie^ofnores  uf  hT@B 
m  A  fiBwmoinante,  by  that  moet  feorfiii  of  all  destnQrarai  flrmdninpi  the  Dec&Bsitj 
of  providing  againet  this,  atid  Uio  oth«r  destmctire  trndergroimd  figenls,  hf 
€b»  «ppliGattoo  of  modem  itnproTenieute*  would  only  aow  bo7e  been  foircixtg 
thd  attentioa  of  nutioiifl  engaged  in  mining.     For  iy!>inovcd  as  ib 

lahMt'H-vtatksHiop  itom  die  light  of  day  ftni  public  obseirntioii,  mrely 
bj-hifimaster/and  subjected  to  inadequati?  or  incompetent  BoperviBiou, 
ligjdft^yc  interfonfioo,  i£  inquired,  in  a^  case  by  public  B&f^ty  or  sanitAiy 
meMBty^  id  a  foriiuri  dfmauded  to  Ifisaaft  the  iiiine<^esaaTy  dongevs  which 
abound  in  those  dark  labyrintliB  fi-ora  which  Bpnng  the  chief  slenwnta  of  our 
oalional  wealth  and  greotuesa. 

It  wa&  moire  ImmediatBly  to  an  trxploaian  at  the  Hufioz  mine,  by  which 
eivK'-4>i<ylit  livog  wQr*  saenfia«d^  that  the  improved  mining  oodo  of  ^apolfion 
in  '  be  attiibutad,    K^poJeon's  hiw  of  imu  hiuipr8vjoag.ly  abrogated 

tlii. ..ui)  of  the  K'ationni  i^^aambi^.  which  reserved  to  tho  Government 

oQ  Tuinea  more  tlian  100  foet  in  dopth.  Py  tiie  newar  anoctmcut,  which  has 
bwtfu  t2i«  £Lauiwwi;irk  on  wliioh  Lhe  mining  juxiBprndencs  of  severtil  oilior  nuia- 
ing  oonntrisa  Iubsbliicq  bcea  modolled.  the  light  of  gruntioja;  couceBsions  for 
«D  mines  wa»  2«s«ETad.  to  tfao  GoireTnnifint ;  and  certain  small  does,  together 
viitb  acmpwnowiiuM  Aar  sor&ce  damage,  wore  tLpporUoned  1«  the  owner,  A 
pwliliutt  by  ^  panon  Baeldng  a  cvanceBaiou,  has  to  be  adreased  to  tha  Prefect 
of  Ift*-  DapRdoDaDt;  4»rt  m  Balgtnm,  to  tlio  lYoviociBil  Conittelt  who  oatisff 
tlMOMalVBs  of  tho  righte  and  capabilities  of  the  applicants ;  fuid  on  thoir 
BidiiDe»  and  that  of  tho  Oovemmant  angineoTs  of  zninos,  the  MiniFt^r  deddca 
h^whom  and  on  what  terms  tho  conceaeion  cftn  be  granted.  This  power  tlie 
GoYemments  of  tho  variotin  countries  have  employed  to  impose  certain  enn- 
ditio&s  an  employers  for  eecozing  Uie  dne  protection  of  tlia  lifla  of  t^a  work- 
man tindefgronntL 

In  our  own.  cDuntryt  the  minercd«  hare  bean  gBnatally  tho  property  of  t!ie 
lorit  of  tho  wxi,  sxQopt  such  a^  conlniiiod  gold?  andsilTcr,  whic;h  w^rt?,  tip  to 
Hm  rv'ign  of  WiUlcun  and  ^Inrr,  tanned  ror^  mines,  aiid  fud  dues  to  tho 
crr>wn.  The  crown  niao  holds  many  propertiicrs  in  the  Forest  of  Da&a»  in 
which  the  system  of  grani^ng  concessiona  is  not  vary  diaamilor  ta  that  pnr- 
■ucd  on  tho  Continent,  except  that  provisions- are  not  m^de  for  tiae  attf<6  con- 
dtict  of  the  nndargnncDd  operatioua,  other  than  may  ba  axzive^  aA  by  e. 
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proper  mode  of  extracting  the  minexals.  A&  citi  illustration  of  the  stale  of 
the  KiiDiiig  population,  and  of  tlie  little  attention  pwd  to  Ihem^  itTiiayl)^ 
quoteil  &A  a  fact  that, "  ]_*revioua  to  the  year  177a» all  colliera  au^  other  pereona 
ornploj^d  iu  coal-works  were*  by  tho  cocuuon  law  of  ScoUaud,  in  a  state  of 
slavery.  They  and  their  wives  and  children,  if  the^  liad  assisted  fnr  a 
certaia  period  at  the  coal  work,  l)ecatni^  the  property  of  tho  coal-mafiter,  and 
were  trotisfjerable  witli  Mio  coal- work,  in  tliG  same  manner  as  the  aUves  oa  a 
West  India  estate  were  held  to  be  property,  and  transferable  on  a  aa!e  of  the 
estate.    Tljey  were  omanf^ipated  by  16  Geoi^a  IH.,  c.  33/* 

HELrdly  les»  deplorable  has  been  the  condition  of  large  s^ctiouB  of  the 
mining  population  in  other  districtB-  Untaught,  uncared  for.  and  demor- 
alized by  truck,  lltcy  bod  bo^n  abandoned  and  even  encouraged  in  an 
excess  of  Uceiitiousness  and  moral  darkness,  which  nre  a  blot  upon  die 
age. 

It  waa  culy  after  the  explosion  at  the  Felling  colliery  iu  1813,  by  Tvliich 
Uie  auprecedcixted  number  of  uinty-two  Uvea  were  lost,  and  the  publication  of 
the  report  of  a  society  Uieu  fornaed,  '*  for  tlie  prevention  of  accidants  in  coal- 
ininea,"  that  Sir  Humphry  Davy  waa  invited  in  August.  181&t  to  visit  the 
north  of  England  colUerieB,  to  suggest  further  preciiutious,  I(i  a  few  weeks 
lie  produced  the  Davy  lamp,  ttMch,  in  aimpheity  and  practical  utilily.  liOB 
not  yet  been  excelled. 

The  great  WaUsend  explosion,  "which  hurried  into  eternity  101  mot* 
Tictims,  ushered  in  the  inyestigations  of  the  Committee  of  Uie  House  of 
Commons,  in  l&3rt,  who,  after  exaiuininpj  a  large  number  of  witncB&es,  re- 
ported that  thoy  declined  to  ofter  any  ri^onuaeudations,  because  tliey  wore 
uuable  to  lay  before  the  Ilonso  any  particular  plan  by  which  the  accidents 
could  be  avoided  with  certainty.  They  recommended  Uie  reporting  of  fatal 
accidents  to  Goveiiunent;  venlilation^  to  diaplaco  deletcriouB  gas^s,  and  ran- 
der  them  no  longer  fatal  to  life  ;  sivfety  lamps,  as  a  precaution  against 
apprehended  sudden  changes  in  tho  miner's  atmosphere,  and  plaos  of  the 
workings ;  ■vvhilat  their  stfongeat  reprobation  was  reserved  for  tlio  "wanl  of  a 
sufficient  number  of  shafts,  and  tlie  employment  of  brattice  shafts,  which  the 
ftUghtost  esploaion  may  desttoy.  !i070  ^-ere  the  whole  number  of  deaths  in 
tho  preecdiug  25  years,  of  which  the  Committee  wore  able  to  obtain  infiarm- 
ation ;  and  had  they  recomniended  any  decisive  measure  to  Parliaju^nt,  a 
k-rge  number  of  the  12,000  Uvea  loat  aince  tliat  period  might  have  been 
preserved. 

The  valuable  labours  of  the  South  Shields  Commit  t^  fallowed  the 
sacrifice  of  fifty-two  lives  at  St.  Hilda  in  l^^W ;  entering  into  the  detailed 
examination  of  aafetylamps,  ventUation,  infant  labour  in  mines,  t3ve  sci- 
enliiic  education  of  officers  of  mines,  and  government  inspection  and  juris 
diction.  Tliey  reported  ^'  that  such  inspection  and  jurisdiction,  for  secur 
ing  the  fnlleat  protection  to  the  public  interests*  Eire  perfectly  compatible 
with  the  private  righU  of  property  and  the  freedom  of  trade;  and  that  the 
Iirineiple  hag  already  been  acluiowli^dged  and  acted  upon  by  the  legiaAatnre 
wiUi  legaid  to  railways,  the  proftiBslonv,  Uie  inannfactorios,  and  some  of  the 
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tndea ;  and  is  peculiarly  ftpplicable  to  mining,  unlike  the  form&ri  for  rcnjovect 
from  an.  enlightened  public  inTestigfttioii."  In  1 842,  tli«  admirable  Reports  of 
the  Childjen'sEmpJojroent  Commissioners  far  Mines  were  preeented  to  botli 
Honsee  of  Parliament.  Thejinvestigiited,  with  grent  minutoness,  most  of 
th«  sajutmy  evila  and  the  dangers  to  which  i}\ti  mining  population  genendly 
mrc  snbJBct.  Attentioa  ^aa  chiefly  directed  to  the  long  hours  and  Bevcrity  of 
the  Iftbftiu"  of  mimng  hoys :  to  the  accidents  ^^-hSch  arise  from  importftnt  duties 
h«iiig  placed  upon  tlicm,  such  as  utt^nding  to  Tendlnting  doors  and  working 
^ngmes :  und  to  the  aceda  of  diBeasc  and  mortality  produced  by  poor  air,  and 
or  !oTP  travelling  roads.  Iron-stone  mines  were  fomid  to  be  loss  perfectly 
led  and  Tentilated  tlion  coal  mines,  and  therefore  more  intensely  pTo 
dnctiTO  of  physical  deterioration;  al  the  samo  time  it  was  cstabliphed  thnt  a 
&oal-Runc,  when' properly  ventilated  and  drained,  and  ivbea  all  the  passages 
are  of  tolerable  height*  is  not  only  not  unhefiltby,  but,  the  temperature  being 
moderate  aad  very  uniform,  it  i$,  considered  as  a  place  of  work,  more  salii- 
brioiifl  and  even  agreeable  than  that  in  which  many  kinds  of  labour  are 
carried  on  ahoTc-ground. 

Amongst  the  metnJliferoua  mineSt  it  was  foond  that  only  in  the  Comiah 
diBtrift  were  many  children  employed  TindergTonnii.  The  priraarj'^  ftnd  over- 
active agent  which  principally  produced  the  rapid  deterioration  of  tlie  health 
fljad  strength  of  the  miner,  ivaa  the  noxioua  air  qf  the  place  ia  whieh  the 
work  is  earried  on.  The  ultimate  effect  of  the  diaadTnntjigeoug  circitm- 
Btamres  under  wliich  the  miner  h  obliged  lo  ptirstie  his  laborioaa  oceupatinn, 
ta  the  production  of  certtiin  diseases  (seated  chiefly  in  the  organs  of  respi 
ration),  by  which  he  is  rendered  incapable  of  following  his  work^  and  liy 
wliJcU  his  existence  Is  termiaated  at  an  onrly  period.  The  preaentalioti  of 
the  report  was  followed  by  an  eyer-meroorablo  epeech  from  the  Earl  of 
ShaftcabmT';  and  an  Act  (10th  August,  1812)  prohibiting  the  cTOployment  of 
women  and  girls  in  mines,  and  to  regulate  the  employment  of  boxs, 
was  the  first  instalment  of  legislative  justice  voiichsaied  to  the  prayers 
of  many  eolliers'  petitions.  By  Uie  second  section  of  the  Act,  boys  muBt  not 
be  employed  underground  by  the  owTier  before  thoy  are  ten  years  of  age ,  under 
ft  penalty  for  such  enn^lol^nent  of  not  less  than  £^i,  nor  more  than  £10  ;  but 
any  parent  or  uataral  guardian  wilfully  misstating  the  boy*a  age  may  be  lined 
A  Bum  not  exceeding  £2,  whereby  the  previous  penalty  is  rendered  roid. 
The  tliird  clause  provides  for  the  appointraont  of  an  inspector,  bji  office  eince 
fillod  by  Mr.  Tremenbec're,  who,  by  his  exertions  for  their  social  improve- 
ment,  has  gained  the  regard  of  the  miners :  and  has  saggested  and  promoted 
UiO  prize  ^ehemes,  hy  which  the  miue-o'wnera  in  many  paita  of  England 
eikcourage  the  continufmce  of  bovR  at  achool,  after  tho  age  at  wliich  they  are 
now  able  to  enter  the  mines. 

The  above  Act  furiber  renders  illegal  the  employment  of  any  hoy  under 
fifteen  years  of  age  to  take  the  charga  of  any  engine,  windlass,  gin,  ropes, 
cfauuB,  or  oUior  tackle,  whereby  persons  are  brought  np  or  pn&scd  down  any 
iliaftortmdDrground  ineiined  plane,  AnypajTnentaof  wagesontlie  prcmiBea 
of  pablic-houfles  or  places  of  eutertainment.  are  of  no  effect;  and  the  person 
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payiu^  is  Ibiljlu  Iq  a  poimlty,  Lccuuse,  &s  cited  in  tho  Act,  "  U^e  pructicA  ifl 
found  to  bci  highly  injurious  to  the  best  iateroBts  of  the  woEkizig  fdassea." 
The  iime  had  uot  yet  came  for  deoluig  inth  tlio  i^oro  sadoua  defltcU  inniinea. 
The  EoyaJ  Commis^ioucxa,  Mesara.  Faraday  and  Ijyell,  in  1844,  inquired  ioto 
the  losi^of  ]0&livi:3  nt  Haswcll,  nadint:)tllce^ph)sioQatJILncrw^llthefuIlljW- 
ing  year.  Sijuilar  lU^cid^its  nt  Hi»ea,  Oldbury,  CoppuU  and  Ardsley  iDain^ 
and  tlie  pubUc  feoUog  rouficd  on  every  occaaion,  inducitd  the  £iovertmieiit  to 
gTojit  furtlior  iuvostigailous,  leading  >to  rqports  and  rcc-ommGndatiana  akooet 
idcj:tU<!iLl  in  their  more  imporbfuit  iicaturefif  but  ^rhidi  paznaA.  unheeded  by 
those  reaponKble  for  Uie  in  in  era  aecuiity.  Th*  Ctimmittee  of  the  House  of 
Lords  on  AocideutdiB  Cool  iiuikb  in  lS4U*ag(un  embodiadr  in  iLBlii<e  book  of 
01&  pages,  th£  fividanjce  of  tlie  leading  engineera  from  most  of  the  mining 
di&tiicta.  The  value  of  tUo  iuveatigationa  made  aboat  this  period  was  gretitly 
€ubanc&d  by  the  rcportfi  of  Mr.  K,  JJlauk^vell  atid  ProfesBor  Phillipa,  caminia- 
^on^rB  appoiutisd  by  tliB  Secretary  of  SUto  io  visit  the  rrnTiea.  and  to  report 
on  the  means  of  i-emcdyiug  the  defects  existing  in  them.  Thi^  lost  nam^^d 
f  oramittee  affirmed  '*  tJiat  every  wituess.  wthout  oxceptiou,  exprcsiied  on 
opimon  mora  or  Icsb  iayouxablo  to  the  establishment  of  a  Govevumotit  Inapi^c 
tiou  ;"  Euidin  Augnat  1650,  atiActiiraspiLaBed  fortliispurposeT^vhich  g^vo  the 
right  tUso  to  the  Inspectors  to  examkie  mines  and  sorre  notices  upon  the 
owiieta  jfcspectmg  dangers  to  tlie  p^-aona  employed.  Ko  power  beujg  giaatcd 
for  the  remedy  of  any  of  the  e^ila,  tlio  existence  of  which  had  been  clearly 
cstflliEshed,  Committees  of  ParlUmout  were  again  occupied  with  the  queetion 
in  tlie  years  1853.  1853,  (uul  1S5J:. 

Tn  nid  them  in  anriTiogAt  somo  rtdes  of  safaty  which  mi^t  he  piactfcal^ 
carried  into  effect  at  all  co^-mines.  a  meeting  took  place,  at  their  rcqtie«l, 
of  repreaeutativea  of  the  owners  and  maoajiers  of  colheries  from  all  the 
British  coalfitildfi.  Afler  eollating  the  colliery  rules,  several  resohitions 
Tvero  passed,  of  which  the  chief  were  that  a  codo  of  riilea  should  be  pruvided 
by  tlic  oivnor  at  each  coLlierytfor  llie  guidance  of  the  manager  and  the  work- 
laen  ;  and  that  an  artificiLil  means  of  ventilatiou  should  he  pro^'ided  at  every 
mine,  as  well  as  at  aU  tUmcs  a  sufficient  cmTcnt  of  air  tlirough  the  workingB, 
to  render  imtocuDua  all  iiijuriaus  gfta(?s.  On  Uig  racommeadalton  of  the 
Committeo,  an  Act  wne  prepared  and  fiuaUy  passed  on  the  14th  August,  l^5A, 
€uibod\ing  iu  a  modified  form  some  of  the  BUggesHmia  madoi  but  leaving 
the  most  material  provisions  of  safety  to  be  framed  by  the  owner  of  each 
colliery,  under  tlio  name  of  Special  Bules. — ^which,  if  not  objected  to  by  tha 
Secretary  of  State,  become  binding  on  the  mfmojifers  and  Tforkmen.  The 
gen'?ral  rules  of  tlie  Act  require  shafts  to  be  fenced,  Availed  in  daogerousparli, 
and  provided  yvith  signjUs  from  top  to  bottom  ;  tliat  machines  used  fur  raising 
or  lowering  pcrflouB  shnll  be  provitlcd  with  adequate  bre-iJts  and  indicators  to 
fihow  tlie  position  of  the  load  in  the  sliaft ;  and  tliat  to  eac?h  boiler  sliaU  be 
attached  a  proper  steam-gniTge,  wntCTgange,  and  safety  valve.  Tlie  othfir 
general  rule,  which  relates  to  ventilation,  is  tltus  worded: — '*An  ndeqnato 
amount  of  ventilation  shall  be  constantly  preiluced  at  jJI  collieries,  to  dilute 
and  render  harmlcae  noxious  geseat  to  ench  an  extent  as  thai  the  worluDg 
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jiliic«s  Oif  liie  pita  Btid  levels  t»f  puoh  coJlierias  ahall,  onder  ordinary  ciroum- 
Btaucee*  bi^  iu  ii  Ct  £tate  for  working  iu, "  The  Act  pltLces  tJi«  respooiibilitj  of 
the  emplo^iur  ia  a  olctLr^ur  Uglii,  and  a^Vjrds  liim  all  the  powt^  wludU  Ite  ro 
^mrv^  to  enforce  the  obHsrvatioii  of  proper  pr&oatitions.  It  appliiM  only  to 
«ual  mines,  whidit  li&wevev,  find  eniployiacut  for  mor«  ihan.  two  thirds  of 
the  tniningr  population ;  oud  It  is  311  exp^iiiiitint,  tho  aucoess  of  wliiBli  wUI 
be  deUnnin^d  at  the  end  of  tiie  hveyears'  <Juratiou  of  the  Actjiy  th&  (ti^m^Ta 
having  Tcdueed  the  iiumbei  of  acotdeuta  in  the  suae  d^fptoe  B3  has  beea 
effected  by  more  precise  r«li6>  Aud  uiore  £rej|ii&ut  eiiperviaiou,  in  Coniuiental 

In  Ba%jum  a  commifisioii,  composed  of  Qovemmeat  enguieore  aiid 
directors  of  coUiorifi^,  drew  up  an  admiiablc  cade  of  re^^u]ati£)us  for  tho  venti- 
lation of  cvGty  deflci-iptioii  c<f  min^^  It  beciame  kw on  tJte  IftL  uf  March,  1S50. 
Iit^oEiuiiciu3C3  Lbufi* — "Ilk  i7v<^y«ubt«rr(UicanTvoirkin|^,  oil  thupi>intdto  whiuh 
the  worlauou  aui  gain  urceee  aholl  ho  r-ender^d  heulthy  ojid  safe  by  uu  active) 
and  nguUr  xjuTTi'tU  of  pure  air;"  itakoproocmla  to  riequireair*wA_vs(9f  proper 
ditm«Qfiu)Tifi,  tlic  isolatiou  of  vitiated  curr^^ulB  of  air,  the  nmrnteuauco  of 
close  £toppii)g»,  the  c&nying  die  air  ixttu  Qm  working  f&.aes.  ixnd  Uit)  iiae  uf 
double  doQTfi.  Other  clitt^tUirs  outur  fuUy  into  Uie  acceusioual  VGaitilatiaci, 
aiid  the  use  of  safety  bimpB^  wlurh  uie  eompulsory  in  every  mine  contoilling 
iire-damp  It  i$  n^ju^irkabk  tJtat  little  ^ttL^iilion  hua  been  paid  ia  this  cooutQ^ 
to  SAcen&ion&l  vantilatiun^  ^hicht  by  Coutiuoutnl  engineerB,  i^  cou^dert^  the 
gtantESi  modem  improvement  in  tlte  ^a-iety  of  tniues.  Wo  have  shown,  that 
by  our^iug^he  au*  upwuids  tUrqugii  Uw  luinw  iiiU'r  it  bad  become  Ixented  in 
the  working  places^  the  vundltUion  ia  i^il^oied  wttli  ih4j  loogi  eicpenditure  of 
power.  The  he&ted  or  exptoeive  gaees  assist  rntlier  than  retard  iliP  curreni, 
aod  oftnnot  flccnmulalo.  To  oarry  fhe  systom  nut  in  ita  integrity,  the  upcast 
ehiift  should  ha  curried  an  fiir  aa  possible  to  Ihu  riiiu  of  thti  dov>iicaat  sbaft  j 
if  unavoidably  otherwise;,  and  tiie  miue  ctnitaiDd  iirc-daiap.  the  raturu  aii' 
ahnuM  be  conducted  willi  a  conidiierable  velnoify  down  ibe  drift  to  the  shaft, 
and  atl  mdced  lights  exduded  froiu  its  vicinity.  The  deacentof  air,  in  pla««fi 
which  give  off  firedamp,  m  the  cwnsa  of  mu^t  ot  iXm  ijaogerous  acoiimulatUMOfi 
of  this  gas  which  are  found  in  mines.  Mu&t  of  the  oxplo^ons  c^n  be  traced 
to  th«so  acovmoh^ions  ;  and  yet  the  niuuti^ger  who  neglects  to  remove  thcim 
cOtiJ<l  not  be  more  needleBsly  r^ckkt>s  of  tbo  Jives  of  lii&  ft^w^rrwltmreVrifdie 
UU  ati  opon  horrcl  of  gunpowder  in  a  dwdJing-honso. 

Mfujy  proposals  have  be^u  made  by  peraons  unacqniaLinLed  iviLh  Ike  work* 
mg  of  mines,  for  drawing  off  occumukitious  of  lito-domp  from  goafs  by  zneans 
uf  pipes,  forgetdng  tlie  euoiTnoua  reslstaiLce  ofl'eL'^d  to  the  iiagsage  of  gaBn 
through  pipes  at  a  high  velocity,  as  well  as  tbo  constantdeatruction  of  the  pipes 
which  would  occur  from  fulls  of  tbo  roof»  from  ereep,  ftnd  other  onnsca.  Tbo 
OperaUon  of  maintaiiiing  them  in  the  goafs  mif^lit  be  more  destructive  than 
iho  dflJigpr  intcud^d  to  bo  remedied.  Cases  seldom  occur  in  coid-udniitg 
where,  by  a  UltlG  additiounl  ex]>C!iis«..  openings  cannot  be  uiatlo  [doug  the 
iip|)^r  flide  of  thc&e  occuuiulntioDB  of  gas,  by  which  they  may  bo  dispersed. 
The  fipccial  ntlcs  of  most  coal-minea  contain  a  provision  to  the  effect  that  all 
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accumnlationfl  of  gna  Bhftll  be  MmoTed  with  great  care  and  wiChout  delny,  but 
in  no  cflae  imtil  the  men  arc  out  of  danger. 

An  nbimdant  and  w^H-diistriliuled  vcPtilntion  does  not  necesearDy  secure 
perfect  immunitj  ft-oTn  explosion  of  fire  damp.  An  extensiTe  settlpment  of 
tho  roof,  the  intersection  of  a  fault  or  a  blower  of  g^nSt  mny  give  off  fit  any 
moment  ft  miffici^nt  amottnt  to  bring  the  air  up  to  tlte  finng-poiat ;  trnd  the 
accidental  neglect  of  tlie  ventilating  power,  the  leaving-  open  of  &  door»  or  the 
omission  of  the  appointed  offiiier  to  examine  every  working-place  before  the 
men  «tit«r.  may  caus«  the  niost  dli^asti'ous  explosion. 

Complete  immiini^'  from  this  class  of  accidents  is  oii3y  to  bo  obtained  by 
superadding  to  good  ventilation  the  cxelnsivc  nae  of  properly  locked  Davy 
lumps  in  all  mines,  or  part?  of  mitten,  wb^e  tire-damp  ia  Uitblo  to  oeenr 
in  dangerous  quantity.  Blasting,  ex-cept  under  special  circtunstnnces.  and 
the  paasing  of  fire-damp  over  a  famaM,  are  evidently  unsafe.  Out  of  1000 
deaths  in  seven  years,  reportr^d  by  Mr,  Bliwkwell,  72  occurred  from  under- 
ground fumacoSt  !0'20  from  naked  lights,  and  only  7  from  imperfect  onJety- 
lampB :  the  evidence  bein^  very  doubtful  ivhetlier  these  last  ahouldnoth^ 
adiied  to  3ito1!  the  preccdini*  number  It  is  the  opinion  of  many  leading 
^j^eers  that  no  fatal  aecidcnt  has  ever  occurred  from  a  proper  Pavj' lamp. 
No  higher  trihule  could  be  paid  to  human  iuventiou,  and  no  reflection  more 
severe  ou  those  who.  after  forty  yeara  of  trials  reject  its  aid.  Three-fourths 
of  the  victiuii?,  in  tlio  most  destructive  explosions,  perish  from  suffocation. 
To  avoid  tlus,  the  workinj?s  of  the  eoUiery  should  ho  emtied  on  in  separata 
diBtrict^.  or  panels,  separated  hy  a  barrier  nt  <•  oa!,  which  limits  the  extent  of 
the  explosion  ;  and  t|ie  simpleat  means  of  restoring  the  nir-cuxrent  consists  in 
providin^T,  at  all  luniu  doora+  on. extra  door,  ordinarily  lying  idle  against  the 
solid  wait,  but  whieh  enn  be  eloaed  as  soon  ^  the  o^ct  doors  are  blown 
ftWftV  by  the  force  of  the  concussion. 

At  tho  Gynimor  colliery  explosion,  by  irbich  111  lives  were  sacrificed  in 
July  last,  tha  flflmo  extended  000  yards ;  and  the  nfler-dampt  or  irrespirahlo 
Caf*es.  produced  by  it.  1100  ynrds  from  the  ftecumtdation  of  gas  which  pro 
dueed  these  disastroiis  rcsultg- 

A  tar^e  portiouof  the  cnal-mineR,  as  well  aa  the  metfi-UirerouB.nre,  providen- 
tiftlly,  free  from  these  drawbacks  to  mininfT  enterprise  ;  bat  in  them  a  Ini^^er 
amonnt  of  injury  and  lo^s  is  inflicted  on  the  workman  hy  the  insidious  hut 
certain  destroyer,  "  poor  nir."  Supervision  ia  nowhere  so  last  as  in  under- 
ground  oi>erfltiotJH ;  and  odncntion  i'^  nowhere  more  neeesRary  in  order  to 
appreciate  and  remedy  rlifRcnhjCB  which  have  ton  long  been  left  to  ehanee- 
Omc  is  as  important  m  Mie  ceniioinifal  armnp-ment  of  tJxc  venfilatioo  of  ft 
mtno,  fta  the  othcris  indispensable  to  perfect  niid  maintain  it. 
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CHAPTER  vn. 


aiBTOBT   Ot   BfittlSH    M&tAlJ.UEDT^ 


We  have  no  records  of  llie  state  of  the  iron  manufacture  of  Britnin  pr^viona 
to  the  CbrktiiLa  era;  and  for  several  centuritii]  subaiitjaont  to  tliia  period,  it  is 
iiivolycj  in  much  obacuri^.  That  the  conversiou  of  iron  ora  iiifco  malleable 
iron  was  knoTm  to  the  ancients,  is  e^ddent  from  the  Sacreil  writrngs.  In  the  Old 
Ttstauicnt  mcittiun  is  freq^ucntt)^  made  of  tlus  m^tEil ;  aud  of  Tubal  Coin,  th« 
Bavtii^th  durect  de3cenda.iit  &om  Adam,  it  ia  recot-dcd  tliat  ho  was  *'  an  instractor 
of  t'very  artl^o^r  m  btAsa  and  iron."  This  deraoustrfttes  thnt  oaly  a  very  brief 
period  eliipBfd  betwBcn  the  creation  of  the  human  Bpcdes.  and  the  diacgvery 
of  the  ttrt  of  fashioning  imitniiaenta  of  wnxfare  and  culttT&tion  out  of  thla 
muTeTfaftily  diflFoscd  metal.  From  the  eastern  nations  the  Rrt  tnivelied  wea^ 
iTKpd.  ftud  probably  rcaehed  Dritain  through  this  Fhoomciaiis,  who  trflLded 
with  Iheso  Islands  for  tin  at  a  very  early  period. 

At  Uio  date  of  tliii  first  Roman  iiiviLBton  under  Cflesar,  fiftytwo  jeam  beforre 
tho  CliriHtian  era*  the  English  were  actjuainted  with  primitive  modes  of  rnauu- 
fiicturiuij  iron,  and  had  attained  considerable  skill  in  the  art.  Under  the  Roman 
dominioti  it  ttppcEira  to  haTo  increased,  a^  evidence  of  extensive  worldnga 
»botit  this  porjad  is  found  in  several  districts,  especially  in  the  western 
parts  of  SuTuersot,  X)or5ct,  Gloucester,  and  Moumonth.  With  the  abandon- 
Vipnt  of  BriUiin  by  the  Romaits,  about  a..d.  42D,  and  its  subsetjuont  invasion 
ttnd  eonqiioht  by  the  Saxons  in  45.^^  tlie  tnanufaettire  appears  to  have  greatly 
declined.  Occupied  in  internal  dissensions,  or  in  repelling  for«i^  invaaioOi 
the  ioJinbiianU  bestowed  a  leaser  portiouof  their  time  on  the  cuMration  of  tlie 
ilMfttl  arts ;  and  tJie  Iron  inatiufftoture  appurently  was  limited  to  the  produc- 
tiod  of  instruinenta  of  warfLire.  In  this  ataJto  the  icon  manafoctore  remained 
seroral  centuries,  with  little  ameliortition. 

At  tlik  period,  iron  ore  waa  converted  into  wrought-iron,  by  a  proocfis 
idcntiral  in  principle  with  that  followed  at  the  present  time  in  tlie  manufao^ 
hire  of  iron  by  several  foreign  nittiona.  The  broken  ore,  mbted  with  charcoal 
furl,  wan  subjected  to  a  dcoxydating  ]3roce^3  :  tlie  agglutinated  mass  rcBultdng 
from  tliis  treatment  was  bailed  up  and  hammered  into  what  is  denominated  a 
bloom  ;  this  being  re-heated,  was  again  hninniered  until  the  desired  effect  was 
i>btain«»d. 

Tho  discorery  of  gunpowdeft  and  it-s  application  to  warfare  in  the  fourteenth 
oantiu-Vt  Qppears  to  have;  caused,  indiicctly,  a  vary  great  improvement  in  tho 
iron  mnntifacture.  Ilidierto,  the  object  had  been  limited  to  tlio  produclioUp  in 
snmlt  qitiiiiLiticH,  of  malleable  iron  made  dirert  from  liie  ore  ;  theretptirementa 
of  the  heavy  ordnaneo  which  aoori  began  to  bo  used  in  warfare,  demanded 
of  iron  of  conaiderabk  magiutudc.    The  ptiiod  at  which  the  art  of 
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eastmg  iroii  wna  mvented,  i^  not  known.  The  first  crmnnn  were  composed 
partly  of  cast  and  portly^  of  'WTough  iron. ;  which  laU-er  in  their  torn  w^re 
supplanted  by  camif^n  compoaed  entirely  of  castriron.  The  castjng  of  heavy 
oid^jAiice  gave  a  great  impetus  to  tlie  Iron  manufacture,  and  mBtenailj  tended 
to  its  developmout  in  districts  where,  previously,  it  had  only  0.  lauguieUuig 
estiBtencG.  Tliis  development  vaa  largely  iiuaretLsed  by  the  rolling-mill,  one  of 
which  waa  erected  iii  EnglJLnd  by  a  foreigner,  Susspi  bcwame  &11  importjint 
8e&t  of  the  mauufnctiire,  and  contixiued  to  retidn  this  position  ontil  the  scarcity 
of  timber  (iireat^ned  to  put  a  coiaplotc  stop  to  the  uumeraus  fumacea  anil 
foi^ea.  The  destruction  of  the  forests  proceeded  with  such  unnbated  rapidity, 
that  the  latter  part  of  t!ie  sisteetilh  century  witnessed  th«  passing  of  Acts  of 
Pailianient  restricting  tlie  consumptiou  of  wood  aa  fuel,  and  defining  th(}  load 
permitted  to  ha  used  in  the  iron  manufoettire.  This  led  to  the  stoppogie  of 
many  works,  and  the  curtailraent  of  ihc  trade  to  such  an  extent,  that  the  «i* 
portation  of  iron  was  ngorously  prohibited,  lest  there  should  not  remain  a 
sufficiency  for  home  use.  Far  some  rt^ason  not  very  apparent,  the  timber  of 
Sussex,  of  the  wold  of  Kent+  and  certiun  parts  of  Gloucestershire .  waa  ex* 
empted  from  tliis  proti^ctiou ;  to  which  cixcunistance  thg  present  ^^^punti^'e 
obaence  of  timber  in  these  localitica  ia  attributable. 

Early  in  the  seventecth  century  we  find  recorded  the  first  attempts  at 
smelting  with  pit-coal.  Mr.  Dudley,  of  whom  there  is  UtUe  known  except  in 
oonnection  wiUi  iho  iron  mannfactarc,  obiuined  a  patent  about  ItiaO*  under 
wliich  he  proceadod  to  smelt  with  this  fuel.  His  efforts  were  attended  \^-iOi 
Buooeaa.  Iron  appears  to  have  been  made  in  cousidemble  qnantitieE,  and  at 
cheaper  rates  than  previously.  The  entiro  applicability  of  minural  fuol  to 
enoelting  having  been  practically  demonstrated  by  Mr.  Dudley's  ciperiments, 
the  prupriiitora  of  charcoal  fumacija  U^ok  alarm  at  tlxe  speedy  tenninatii.ia 
which  tlireateued  the  manufacture  by  tliat  proceea;  and  combmuig  together, 
endeavoured  to  prevent  further  exteoaion  in  the  new  direction  ;  and  for  a  few 
years  they  succeeded  in  controlling  its  progress ;  hut  on  the  expiration  of  Mr, 
Dudley's  patent,  several  persons  embarked  in  the  smelling  of  iron  with  pit- 
coal  fuel.  Failuro  for  the  moet  part  continued  to  attend  tlieir  efforts,  nntil 
the  early  part  of  the  oightcentli  century;  whpn,  after  encountering  many  di»- 
appointments,  and  surmounting  the  difhcnlties  uBually  attendant  on  bold  inno> 
TBtiouB  on  existing  modes,  tlie  manufactnre  of  iron  i^ith  pit-coal  T\-aA  per- 
manently estahlialied.  At  thiB  period,  also,  the  art  of  rolling  irou  into  platea 
between  steel  cylinders  came  hitc*  uso. 

During  the  second  half  of  tlie  eighteenth  century,  the  iron  manulactilTe 
remained  in  a  tmnaition  state.  CharcoiU  waa  gradually  being  discouiiuned 
as  a  smelting  fuel,  its  place  being  supplied  by  coke.  Districts  hitlierto  cele- 
brated for  their  niunerous  foi^es  and  furnaces  lost  their  importance  n'itb  tha 
63thauatian  of  the  forests;  aud  dvsindlcd  into  comparative  insignificant 
while  the  manufacturers  transferred  their  skill  to  WiLhties  favoured  n-jth 
abundant  supply  of  cheap  coal-  Smelting  furnaces  were  rapidly  construct 
on  the  akirta  of  such  of  the  coal-tields  as  appeared  to  offer  a  continuona 
flupply  of  these  great  ekmenta  of  succesa— good  fuel,  ore,  and  flu^ ;  for  it 
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vns  soon  found  that  the  clay  ixoa-stoim  wsis  m  moBt  instances  coudgupus  to 
the  coal-fields.  The  iron  indufitj^  of  tlie  kingdom  concentrated  iteelf  around 
the  hilla  of  Gloaceat^r,  MonLaoiLth,  G^laiiiLorgaji,  Solnp,  Worcester,  And  thd 
west  of  ScatLmd ;  and  spotd  Mtherto  nearly  imiuhabitud,  being  found  to  con- 
Um  the  elements  of  boiindlosa  wealth,  oud  prosp<^rity,  ija  their  coal-fields  And 
fteoompAnjing  ores,  became  crowded  and  populous  ditstriuU, 

The  invcntiou  of  tli©  steam-^ugine,  and  its  subscqueut  adaptation  to  the 
voats  of  the  iron-smelter^  led  to  other  important  unprovemetits.  Hitherto 
the  m&aii&cbire  of  Iron  could  only  be  carried  on  with  profit  by  the  aaaiatiuice 
0/  water-power,  to  set  in  motion  tho  wooden  bdlowst  used  in  the  blast  foraaceB, 
or  iu  working  the  small  eylinders  for  compresBlng^  air  which  Bubsequoutly 
took  their  pl&co.  This  necessity  of  water-power  resulted  in  the  establishment 
of  many  4>f  the  fumaces  in  localities  at  too  grt^at  a  distance  from  the  minerals 
fco"  obtaining  the  necessary  supply  of  ore  cheaply.  The  mountain  Btreams 
«ko  thus  turned  to  account  were  liable  to  frequent  changes  of  volume ;  the 
fflaunfacture  waa  thua  extremely  precarious,  depen.ding  entirely  upon  the 
itAtA  of  the  streams.  With  the  apphcation  of  steam  for  worMng  the  blowing 
appfuntiiB,  however,  the  majaufoctctre  steadily  progrressed.  Iron  cyUndera,  at 
first  of  small  diameter,  were  introduced*  and  finally  supplanted  isltogether 
the  old  wooden  apparatne  in  £nglaud.  la  some  of  the  more  remote  American 
StaAce.  raBchinory  of  this  primitive  Gouatruction  is  atill  very  common ;  while 
ia  others*  the  inventive  genius  of  the  people  has  iijtrodutvod  contrivancoa 
equal  io  our  own.  It  wn.a  soon  found  tliut  by  proportioning  the  relative 
CM|i^ties  of  the  two  cylinders  of  the  engiue.  the  quantity  and  density  of  tho 
Uast  could  be  Increa^d  to  any  deaired  amount  The  effect  of  tlil^  was  ficeu 
in  tke  aogmentod  produce  of  the  bloat-fumaoes  tlien  at  work.  In  the 
bflgiTiTiing  of  the  eightoenth  century,  some  of  the  pit-coal  furnitces  ma<lo  six 
or  eeven  tons  per  week, — a  quantity  which  waa  increased  Difter  the  discovery 
of  strain-power  to  twenty,  and  in  some  inijtaucefl  to  so  large  a  quanlitj  as 
forty-five  tons,  in  a  single  week. 

Ilua  period  of  the  manufacture  la  diddnguishcd  also  for  the  invention  of 
puddling  ciist*iron»  to  which  the  world  is  indebted  to  the  late  Mr.  Cort.  By 
the  adoption  of  this  proce^,  the  conversion  of  the  iron  iuto  muUeable  bars 
-was  etleoted  with  les^  waste  of  materiul  and  at  smaller  expense  thau  prc- 
vionaly.  The  apphcation  of  ^oovisd  rollers — aiao  tho  invention  of  Mr-  Cort— 
to  rolling  the  iron,  previously  eubjeoted  to  the  puddling  process,  advanced 
tho  luaniifacture  another  step. 

The  firet  twenty-fivo  years  of  this  ccntiuy  produecd  no  great  imiwrovo- 
me&ts  iu  the  iron  manufaoture.  The  first  ten  or  twi^lve  years  were  year*  of 
nnuBual  prosperity ;  manufA<;turers  obtained  pricoa  for  tbeir  iron  higher  by 
sevBrul  pounds  per  ton  than  has  ainoo  been  realized.  Years  of  great  pros- 
{i«rity  are  commonly  barren  of  important  inventions,  keen  competition  and 
low  prices  being,  apparently » requirt^^  to  stimnlate  invention.  Minor  improve- 
mcuts  were  made  in  the  processos  of  pndilUng  and  rolling ;  but  the  system  of 
wneitixi^  romoined  nearly  in  the  condition  it  so  suddenly  attained,  consequent 
on  the  applicatioli  of  steam  to  proptrlling  the  blo\%ing-engme9.     The  water* 
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regulator,  for  equiklLeiug  die  prfiAsuTQ  of  the  blast  in  tho  intervBLs  between 
the  Btrok«0T  Wfts,  ho^'ever,  tinally  nbaudoned  at  tills  p^od ;  the  moiaturo 
conveyed  from  its  surfuce  into  the  furnace  being  Coimd  infinitely  more  inja- 
riouB  than  the  amall  irregiLU^ty  in  the  stream  of  blAst  which  it  wsls  intend^ 
to  regulate.  More  powerful  engines  were  conatracted  ojid  iarger  fiimacej 
built,  hy  which  me&ns  the  produce  of  the  furnaces  was  largely  a^igraented, 
especially  in  the  South  Wtileg  district.  In  tho  di3tri(!t  next  in  imporUJice, 
Qomely,  Statrordtthire,  the  incroase  was  mTich  smaller;  while  the  fomaoos  of 
Scotland  remaijied  nearly  stationary  as  to  produce  and  arratigementft. 

In  tlio  wcond  t^'enty-five  year;}  cif  the  centnryt  the  accidentAl  discoveiy 
of  the  hot  blast  by  Mr.  Neilsou,  and  its  subsequent  application  to  the  Sootch 
fumocest  placed  these  nearly  on  a  level  with  tlie  more  southern  districlb. 
Tlie  fyrco  of  example  also  induced  other  proprieti_*r»  to  follow  the  iinpcpred 
Welsh  uiodt'ls,  witli  a  curresponcling  economy  of  fiiel.  An  accidental  dis- 
covery madti  a  fvw  years  stibseqnontly  also  led  to  the  adoption  of  an  improved 
model  of  furnace,  by  which  ratv  cri^d  could  be  advautn^ou&ly  substituted  for 
coked  oual.  Ko  sooner,  however,  was  this  un]n*aveutcnt  iu  the  form  of  th 
fomace  ad^^pted,  tinin  it  wu  ftseertainGd  tlmt  the  advantages  resulting  from 
tho  us^  of  the  hot  hlnfit  had  become  lesi  appitreut ;  nevertheloBs,  this  invL'titioit 
formti  a  \u\k  in  tbe  hitttory  of  the  Scotch  iron  trude.  The  low  percentagu  of 
the  Sc<jtch  t'ftTtliy  carhonntes  led  to  trials  of  a  carhonaoeoiis  ore  pre%ioaaly 
conaidcied  wi.prthlfjAs,  and  a  very  few  years  later  tliia  mineral  formed  the  chief 
ore  siip2>Ue!l  to  tlio  blust-fumaces  of  Scotland  :  while  its  ftislble  chajracter, 
and  the  fucUity  with  wliich  crude  pig-iron  could  be  BJnelted  from  it.  c&nsed  ■ 
Euddcn  iLiigmentuiian  of  tlit*  trfide  to  five  or  six  Umcs  its  former  ningnitude. 

The  rapid  dL»velopint>ut  of  tlie  railway  By»teni  at  this  perit>d  produced  its 
natural  result  on  tlif  iron  mauufiicture>  forcing  up  prices  to  liighor  rates  tlua 
had  prevailed  for  tbirty  yeara.  New  works  started  into  cx^tenco  in  emery 
direction,  wliib  old  ones  were  enlarged  ;  and  auth  was  the  activity  displayed, 
that  in  five  or  sijc  years  tlie  annual  production  of  iron  was  nearly  doubled. 
A  tetnparary  cessntiou  of  railway  works,  a  few  years  bacJi,  resulted  in  great 
depression ;  but  the  low  prices  which  ensued  were  ultiniatcly  beneficial,  inafl- 
mnob  as  they  placed  iron  in  advantngeouB  competition  with  wood  for  ship- 
buildin;^.  with  atone  and  timber  in  bridge  and  bouse  building*  and  generally 
with  all  other  constractivG  niateriala ;  whUc  the  direct  progress  of  Contl' 
ikentalt  Anieiican,  and  Indian  r^wityfli  has  helped  to  kucp  up  the  interests 
eng!t|^d  in  this  importiuit  tuanufiK^ture. 

For  many  years  attt^mpta  had  bet?n  made  to  smelt  with  tintliracite  coal,  of 
which  South  Wales  cnntflins  a  litr^e  quantity,  but  uttBUCceysfiilly.  Iron  h»l 
been  made  in  PeunBylvaiila  mth  Uiis  fuel,  and  elaborate  experimentB  M'ith  a 
view  to  itfl  adoption  had  been  conducted  in  Franco*  i^-ithout  leadiJjg  to  any 
commercial  result.  Rlr,  Crane  eveutiially  succeeded,  Fifter  several  failures,  in 
Bznelting  ^ith  this  coal :  but  through  inf^ttention  to  the  prineiplea  which 
shoidd  guide  the  smelter  in  its  use,  antlinicite  haa  never  made  progress  in  this 
eountr}',  Fdthoogb  its  clusw  reecnililatu'w  in  constniction  to  charcoal  rendets  it 
io  Vfduablcp  as  we  shall  ^cc  in  other  countries ;  the  coneeq^ucnce  ia,  that  at  this 
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ddv  a  majority  of  iJie  ftirnacQB  erected  for  its  use  hftTO  relumed,  in  part  or 
fthglly.  to  coke  of  bitiiminoil£  coal- 

The  high  prices  ftf  iron  consequent  on  thfl  rftilwaj  cxcitetiietitii  of  1836 
laid  1^4A,  led  to  the  miiiini^  on  d.&  extensive  scale  of  the  or^s  of  Lfl-ncnshirc, 
CnmberkAd,  Comn^all,  North  Wftles,  'Oea.u  Forest,  mid  otiier  loealitioEi,  for 
on  in  the  8outJb  Wales  and  Soutii  Slaffordsliirc  furii£ii:<^  :  and  mi  exteDsiTa 
tnd«  spnutg  up  in  these  disthots,  ivhich  subftoqiient  yesirs  hnre  gtently 
(rslia'gpd.  Several  minor  iniproveinonts  ami  iitt«nitiona  iu  tlio  mannfeirturo 
TTcre  bIso  perfected,  wliich  pave  ioereftsed  faoilitiea  to  it«  progress ;  mnning 
tike  iron  into  the  reftiiin[u  fiiniai^c — ^refinini^r  in  rcvcrbcrfttory  fiiraft^es,  sxib- 
coquenUy  improved  to  'n-orldng  the  molten  Jroji  direct  from  flie  amelting  ftir- 
imoe — runuinfj  the  rpfined  iron  into  the  piiddliug  furnace — stnugbtooing  bora 
by  mftcljtiiMy— sfjaecKing  instead  of  lioramprijig  the  puddle  Wooms — ttie  uBfi 
nf  cirrnlftr  saws  fur  cropping  tho  «iirlR>  &nd  several  otiier  modifications  of 
ftcaroely  lesa  note,  may  }>e  reckoued  amonf!  these  improvejnenta.  The  pro- 
line© of  RiiuiT  of  tlie  bJnat  fiimacea  t>f  Seotliind,  Slnffordshire,  and  South 
\Vale«,  vna  ai»i>  in«r*ft9<ad  to  an  avem^  of  neorly  100  tons  weokly ;  while  in 
%  fevr  instances  nearly  tnice  tJiia  qniuitity  haa  h^au  ohtoin&d. 

Tho  lifdf  dozen  years  of  tlie  third  pcriud  of  the  century  me  clii^fly  remark- 
iihle  fur  Uje  attemlion  paid  to  tlie  o<:i]jtic  ores  of  the  Northern  and  Midland 
(vountiea.  St^verol  worka  havu  been  erected  in  tlielr  Ticinity ;  and  it  is  niitici- 
pated  thnt  Lu  ft  few  years  a  tnrge  proportion  of  tlie  iron  for  castings,  and  ntlier 
parpos^A,  will  he  derir&d  from  tlie  new  diatH«-ts  Mr.  Wumngton  SmyUi,  in 
his  recent  survey  of  the  miuing  jields  of  the  North  and  ^Klidlnnd  difctricts, 
E^alcs  the  mimlw^r  of  fiLrnaoea  in  blast  to  be  ns  follows: — Northumberland, 
I>iirltAni,  Yorkshire,  Cler^Und^Lant^Ahij**!,  and  DerhTKhirCi  ISG  ;  represent- 
ing, in  phuit  and  buildings  aloni*,  a  capital  of  half  a  millioQ  storliug. 


Cloj^nr  ia  one  of  tlie  inctals  known  to  the  ancietits,  tliongb  it  jy  not  ceriiun 
tktl  Uie  metal  mcDtJcned  in  the  Book  of  Moses  was  the  Bamc  as  Uie  pure 
(oppor  of  modern  times.  For  a  long  period  in  tlie  history  of  the  world*  tLia 
tn«lal  appeora  to  have  been  used  as  the  cliief  ui^ediEjnt  in  an  alloy  in  wliicb 
tin  played  a  aeconJary  part.  This  alloy — melting  at  a  lower  temperutura 
(hail  puro  copper — was  also  ca|Miblc  of  being  worked  with  greater  faciliiy 
(han  iron  r  in  consequence,  it  waa  very  gcnerfllly  used  for  instnunenta  of  war- 
fare, of  iLgricuItiire,  and  of  art,  b,v  iiftdons  of  antitjuity.  By  aitoTiUon  to  the 
lelatjve  proportions  of  the  ingredients,  the  qii[i3ititis  of  hardness,  temper,  nnd 
fcla?ticity,  seem  to  hav«  been  controlled  to  an  extent  seldom  attained  141  any 
modem  aJloy  of  tin  and  copper. 

The  historical  recoida  of  tliia  mctaJ  arc  oven  more  scanlj  in  the  anciBnt 
wnttnga  t}iaii  are  those  concerning  iron.  Th&  earliest  copper  minea  on  a 
hrg*  B<5ale  of  whidi  we  reitd,  appear  to  have  been  winked  by  Greeks  in  tlie 
iHland  of  Cyprus ;  whence  it  ia  probable  tlie  name  copp**r,  in  Greek  tturfiey. 
'llip  qnaiititJoi?  wTijiiylit  so  far  back  as  ?Oft  B.C.  must  have  Iwoii  considemble, 
a*  in  tlie  sucf^ctHiJiig  centuries  the  formation  of  bronze  statues  waa  very 
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prt^valent.    Rhodes,  lHtlp}il>  and  Atli<dufi,  appear  to  have  contaitiecl  s^^reral 

thoustLud,  YCLrylug  in  wcii^ht  from  a  few  buiidredweigliU,  to  cUmensLOxia  ex- 
ciieiUxig  those  of  (myniodem  ciietiiig^ 

Froiii  Urn  breaking  tip  of  tha  Rouaan  Empire  to  the  commdDcement  of  the 
thirteentli  tentury,  we  are  without  any  authentic  account  of  the  progresa  mtAA 
in  working  tbis  m«t^.  There  is  every  reuaoD  for  heheving  that,  la  the&e  the 
dark  ages  cf  metoUurgicEil  sdencc,  the  arts  of  copper-numog  and  smeldiii^ 
were  wellnicjh  extinguished,  and  tliat  the  requirementa  of  warfare  were  sap- 
plied  by  moUing  dowu  tlie  atAtuary  hronze  of  the  Romane  ftnd  Greeka.  In 
Ettglaud,  tha  earlieat  reference  to  cop|ier  miuea  dates  from  ihs  middle  of  the 
twelfth  century ;  Tiheii  a  puteot  waa  granted  for  working  certiuu  minea  in 
Uuiuberloiid.  lu  tlio  four  succeeding  (^antu^ie^,  the  prodtiction  of  copper  was 
eacouraged  by  bounties,  and  tho  cxporlntion  of  the  meital  prohibited  Uiider 
severe  penaXties.  This  ia  indirect  evidenL^e  of  a  comparative  acarcity  of 
copper  ;  a  result  probably  of  the  iucreftsed  attention  paid  to  tlio  working  of 
iron,  when  it  had  advtuiccd  so  Car  as  to  produce  ordnance,  a^  well  lU  guode  vf 
wroiight^iroQftudEiteel.  However  thnt  may  be,  about  the  end  of  the  seventeenth 
century  we  find  tlic  Cornish  mittes  producing  small  quantities  of  ore^  which 
waa  bouglit  up  by  amclters  from  Bristol  and  adjacent  placoa.  The  produc- 
tion appL'ara  to  have  been  under  lOUO  toua  por  annum;  and  any  veiy  large 
inoreaae  was  prevented  by  difficultly^  attendant  on  tho  drainage  of  tlie  minea 
sd^t  a  few  fathoma^  d^pth  had  been  attaioed.  For  many  years  the  production. 
remoiufsd  uonrly  stationary ;  the  average  produce  in  1780  faUing  within 
3400  tona;  from  Uiis  period  of  inac^tivity»  however,  it  rapidly  increasedp  and 
we  lind  the  produce  nearly  60,000  tons  at  the  end  of  the  century. 

Tins  remarkable  increase  was  coiiBequent  on  the  greater  depth  to  which 
tho  luincH  were  proaetiuied  when  available  drainage  power  wae  di&corered. 
In  the  scventi>outh  century,  attemplH  hitd  been  miuifv  to  use  steam  for  this 
purpose  ;  but  it  wa&  not  till  tlie  beginning  of  tlie  eighteenth  that  steamen^ea 
were  adapted  suceessfull3'  to  mining  operatioDB.  The  pressure  of  the  atxaoe- 
phere,  obtaitted  by  ercaliug  a  vacuimi  under  tho  piftton^  waa  tho  power  fiiat 
used  in  the  Cormsh  engines ;  and  the  most  successful  on  this  principle  appear 
to  have  been  devised  by  Newcomen,  Imperfect  as  these  eugiues  confessedly 
were,  it  is  not  too  much  to  gay  that  their  imperfection  arose  a&  much  fnoD. 
the  comparatively  rude  condition  of  manufacturing  engineering  at  the  period, 
as  from  defective  principle.  However  that  may  be,  'with  the  aid  of  New- 
comen'9  eugines,  mining  was  prosecuted  for  mauy  ycEirSt  and  the  production <^ 
copper  rose  from  2400  to  30+000  tons  atmually.  At  a  later  period,  Sme«lon 
improved  this  form  of  etigiue,  and  erected  one  with  a  cylinder  seventy-two 
inches  in  diametor  for  draining  one  of  the  Coroiah  copper-mines.  The  dia- 
oovery  by  Watt  of  tho  principle  of  condensa-tion  in  a  vosael  Beparato  from 
the  working  eylinder,  led  to  a  great  economy  of  fuel,  and  thus  enabled  com* 
paratively  poor  mines  to  be  worked  with  profit.  Homblower  improved  oa 
Watt's  euginea  by  naiiig  the  etf^am  expansively  ;  and  a  f<^w  yoais  afterwis^ds, 
Trevetliick  introduced  high-pressure  steam.  The  inventions  of  these  two 
nTJTiiTTg  engineers  were  rapidly  adopted;  and  in  twenty -five  or  thirty  yeaia  th« 
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eansomption  of  fiiel — the  most  costlj  item  in  drainage— was  reduced  to  on& 
JiMlltii  of  its  previous  amount. 

WUh  Uie  n^iac^d  coat  oS  draining  minea  by  Mglt-preBHur^,  expan&ivo.  and 
eoDdfioaing  exiffjisa,  machizi£T7  has  been  applied  to  some  other  operations. 
Die  kdoption  of  the  crushing- tnlllt  tram-road,  machine  ^wrought  ore  cleaning 
■^aratus,  uid  inventions  of  lesser  ^ute^  has  resulted  in  a  correspgudiiig 
Urge  saving  of  manual  hibour. 

The  nineteenth  oentniy  hoa  witnessed  a  further  remarkable  inorease  in 
tbeprodnction  of  coppor,  l>4^vonhascoutnbuU'd  largely  to  the  general  stock , 
while  Wicklow  in  Ireland,  and  Anglesey  in  Wales,  have  produced  large  quan- 
tities of  ore^  in  coDJnnction  with  minor  <listricta ;  raiauif^  the  gross  produce  of 
Britain  to  more  than  200,00tt  tone.  DiHcoveries  were  mad«  of  largo  dopgaibs 
OBX«akfli  Snperior,  and  other  diatricts  of  America,  such  as  NetrKngland*  New 
J«ne^tPanna}'lTani£k,Oregon,aiidNorth Carolina,  where  it  is  found  native.  In 
thft  Qbtt  Mine  on  Xiake  Superior,  masses  of  iron  have  been  found,  weighing 
■ll^blrf  touH«  in  the  trap  or  suidstone  rock  It  is  alao  found  in  the  island  of 
Cnba,  in  the  Chilian  proviucca  of  South  Amarica,  and,  sdl]  mure  reccnily^ 
raluable  mines  have  been  found  in  South  Anatraha,  which  have  tended  to  aup|jly 
lhemcre«a^  deDiand  for  the  metal,  resulting  from  the  advance  of  engineering 
and  lh«  arts.  Muohof  the  colonial  ore  [&  reduced  near  the  ndnes.aDd  conea- 
(pietitlj  does  not  eppear  in  tlie  home  trade.  The  same  may  be  said  of  ibe 
Norwegian,  Snxon,  German,  Hungarian,  and  other  foreign  ores,  which  aru 
only  mined  in  amall  quautitiea.  It  is  in  KngLaud,  however,  that  the  greaieet 
«opper  inanuiactorieB  are  establiiihed ;  and  however  rude  and  antii^nated 
many  of  Ibd  proceases  etiJl  pursued  at  home  may  be^  foreign  nuinufaetured 
oopfM>r  is  still  less  valuable  than  Knglish, 

^oafl — Lead  ia  on^of  the  metals  known  to  tho  ancieuta.  being  mentioned 
in  the  Books  of  Mosob,  For  a  very  long  period^  however,  Ui©  production  of 
UuB  metal  muat  have  been  small,  and  we  have  no  authentic  records  of  the 
progreAs  made  In  ita  mantifactuie  previoua  to  the  Chmtian  era.  It  seems 
highly  probable  that  the  Kaateru  nations  obtained  their  principal  supply  from 
Spun,  and  Bntain,  along  with  tlie  mure  valuable  metal  tiji;  u^  exploraiiong, 
bMEing  evident  traoea  of  great  antiquity,  have  been  discovered  ou  lead  veins 
In  Wales,  Derbyshire,  and  Nortliiunberland.  Lead  mines  aliound  to  a 
liimted  extent  in  Frauce,  Bohemia,  Saxony,  and  other  partit  of  Europe ;  but 
in  tha  majority  of  these  eountriue  the  proBoeution  of  lead  mining  ia  a  modem 
branch  of  industry  of  very  limited  extent.  In  Eugland,  the  most  productive 
aiinva  are  in  Durham  and  Northumberland ;  Cardi^nshire.  Derbyshire, 
Vorkahire,  and  Gomwall,  produca  considerablQ  guauLitics  of  lead.  At  tiie 
oenuncnt^f  meat  of  the  present  century,  tho  production  in  tlu3  country  scarcely 
averaged  liJ.UUO  tona  annually ;  butat  the  present  time,  several  minor  diatricU 
OBBtDbute,  along  with  Scotland,  Ireland,  and  the  lale  of  Alan,  to  produce 
■avaally  a  supply  of  nearly  lUD.OOO  tou^  of  kad  ore,  ox  of  7U»U0O  tons  of 
nurtalUcIead, 

Xhc  large  increase  which  has  takcji  place  ia  referable  to  circumBtanoet 
to  those  which  induunced  the  urogresuve  increase  in  the  copper 
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trade ;  suck  ns  improved  mining  maokbiery,  retideriu^  the  proaecu^n  of 
deep  mines  protitnble.  the  adoption  of  roUcr  ^n*iudiu]^r  milla,  sttinpuig  miUs, 
and  niHchme-wrought  washing  appflirt^lua,  resulting  in  greator  economjr  ii3 
the  dresaing  of  tlie  ores.  Every  reductioii  of  cost  in  dressing  has  given  an 
irapetua  to  Uie  explDration  of  veins  previously  eonaiJflred  too  poor  to  Iwiic 
tho  Fttt^ndunt  high  dPOQging  charges.  The  most  important  modem  inv^'^Dtioa 
connected  v%ith  this  metal  is  the  de-silTering  process  of  l^attinson  ;  by  tvhich 
thu  silver,  cmniBonly  found  to  tlic  extent  of  three  to  thirty  oimceg  per  ton  of 
lead  ore,  is  extnic^tcd  in  an  inexpensive  manner.  By  this  do-eilveriug  pro- 
cess, more  than  500,000  ounces  of  silver  are  annually  obtnined  from  Uridflh 
leatl  orea. 

ThG  produce  of  lead  in  Great  Britain  amomitB  to  fully  two-thifds  of  the 
prodnc6  of  Europe.  Spain  stands  second,  producing  about  one-third  sa 
mneh  :  unittid,  the  production  of  these  two  states  is  equtd  to  seyen-ei^ths 
of  the  Europ*?aa  pHxlnco.  The  lead  deposits  of  the  United  States  extend 
npwai*ds  of  tlirce  thousand  square  miles  in  the  StAt«$  of  Mifisouri,  Illinois^ 
WiBConsin*  Orepon,  North  Carolina,  and  CaU^niia.  A  few  jroara  since, 
thtj  wcatern  states  of  North  America  produced  large  quantities  of  lead — tw 
much  as  40|DOO,000  of  pounds  hare  beeu  produced  in  1h;>i  ;  but  tlie  dtipoails 
opened  out,  it  is  said,  have  not  continned  (nqually  productive  in  depth  ;  and 
their  present  comparative  poverty  iB  demonstrated  by  the  large  importations 
of  British  lead  into  these  states, 

Kittc.^This  metal  was  first  obtained  in  a  metaitic  state  early  ui  the 
sixteenth  centorj" ;  but  for  n  long  periud  subsequent  to  its  diBcovery»  the  pro- 
duction of  metallic  tine  na  one  of  tlie  useful  metals  remained  in  abeyance. 
CrJainine,  a  carbonate  of  til©  meiil.  vf&,B  employed  in  tlie  crude  state  for  alloy- 
ing copper  in  the  production  of  brass-  Although  we  have  no  e\-ideiiee  to 
show  tliat  thoaneionts  i^^ere  acquainted  with  any  process  for  manufacturing  irao, 
Pliny  mention!)  the  use  of  calamine  in  the  manufacture  of  brass ;  aud  modent 
luiftlysia  of  ancient  alloys,  intlicatca  tlio  presence  of  zinc.  The  great  atliixity 
of  zinc  for  oxygen  at  laiv  red  heat,  prevented  an  earlier  acquaintance  with  it 
in  an  isolated  form,  and  rendered  il9  produeLion,  rolatively  to  the  coet  of  the 
ore,  a  comparafcively  expensive  process.  Mlien  its  propertiea  became  better 
un.derBtood,  tlie  mimufactUTB  of  metallic  zinc  rapidly  extended.  By  caz^faU^ 
regulating  the  tcmperatture  employed,  it  was  diBcovered  that  sheeta,  tubesi 
and  useful  alloys  could  be  made  mth  this  metal,  inftti?ad  of  the  coaUier  mfttal^ 
tin.  The  diacovery  of  this  singk  property  aliiue,  resulted  in  the  adoption  of 
7ino  in  arts  and  monufactiu^a  to  a  Inrge  extent;  while  its  comparative  non- 
Mnbility  to  oiydation  at  low  tcmperatureB  has  caused  it  to  be  used  as  a  ppt> 
taction  to  iron  when  exposed  to  ntmoapherinal  influences. 

The  production  of  zinc  in  England  is  not  oonsidarable — probably  undvr 
SOOO  tons  annually.  Gormany  and  Belgium  prodnco  large  quantities,  and 
prineipally  supply  the  grovrLng  demand  for  this  met^.  So  great,  however^  is 
ite  affinity  for  oxygon  during  its  reduction  to  metal,  that,  with  the  moat  im- 
proved plans  yet  adopted,  a  loss  of  one-third  to  one-fourth  of  the  metal  in  tha 
ore  attends  tlie  operations  of  the  most  skilfid  metallurgist 
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'TTue  metAl  was  first  obtained  in  themetalln  siiU'.'  itbout  the 
eodof  "tlie  fiiWenlh  century^  aince  which  pGiiod  it  has  continued  a  iiB^ful 
metal  for  aUopng  witli  others  in  the  priKluctiun  of  soft-mctid  goods,  and  in 
inedicme.  Englitid  cotitaina  amoll  quflntititia  of  eutimotiy  ore,  princixially 
uUpjed  with  other  Biibstaacea ;  thu  coutineatal  mines  also  jiold  small 
(fDiintities  ;  hut  tb^  prindp&l  attpply  of  late  years  has  been  derived  from  the 
Island  of  Barneo. 

Ifia. — This  metal  Bppeara  to  have  been  known  from  the  earhesst  periud  of 
history  ;  tli?  menlion  of  brttss  in  Genesis,  leads  to  the  iuferenoe  tlitit  the  mord 
fusible  ingredient  of  tliis  alloy  was  well  known  to  the  ancients.  At  first  the 
trade  iu  this  metal  was  in  the  hands  of  thii  eastern  n£Ltion£i  t  though  the 
fiXBtenciQ  of  productive  mines  in  the  east,  other  tlian  those  in  the  Mu-lajon 
peninatda.  U  not  known  to  modem  OrientaJg.  The  Phfleniciana  traded  to 
Spain  for  tliis  m«ta|,attd  mtbseqttentlT  to  Cornwall.  In  the  latter  coiintry  the 
tnditioiiaxy  accounts  handed  dawn  are  found  stnetly  in  accordaneie  with  the 
diteovtfiefl  of  modcrtL  antiquarians,  which  seem  to  leave  no  room  for  doubting 
that  a  commoTce  in  this  metal  from  Britain  to  the  East  was  carded  on  at  a 
V6ry  remote  period. 

The  tin  mines  of  the  Malnyan  prninsula  have  j-ieMed  large  qoantilies.  Hnd 
bear  evidence  of  great  antiquity.  Eariy  in  the  laat  centnr)-  the  occmretice  of 
rich  depowita  in  the  Island  of  Banca,  in  the  adjoining  arcliipelago^  woe  tnai'e 
jknown.  For  several  years  tliis  island  yielded  large  quantities  of  tin  with  such 
fiioliW,  that  British  muieB  became  depreaaed  in  consequence.  At  the  present 
time,  however,  tSie  yield  of  Banca  has  greatly  dindnisbed,  and  the  ranjor 
jiart  of  tlie  tin  of  commerceis  derived  from  Cornwall.  Spain,  Saiony,  IVajice, 
<'tali.  AuKtrtilia,  and  a  few  other  loorvlitics,  prndnee  very  inc^nsiilerahlo 
qoMttities. 

The  ettrliest  ComiKh  mines  were  merely  superficial  cxeavatjons  in  the 
beds  of  ancient  rivers  and  creeks,  containing  Un-bearing  gravel  and  sand. 
Simple  washing  apparatna  coiiBtituted  nearly  tli©  solo  appliances  employed. 
WitL  the  exhaustion  of  the  tin  streamsp  attention  was  paid  to  tin-bearing 
PockBi  which  raqxiired  machinery  for  their  pnlverizntion.  ThiB  waa  BuppUed 
by  Hhe  rtAmping-mill.  At  what  dat*  TnillH  of  thia  description  were  applied  to 
tm-drecBCg  is  not  certain.  From  their  hx^  application,  however,  they  have 
flontinaed  to  bo  the  most  eiScicnt  instrmnentA  devised  fur  this  purpo.°e. 


TOL 


f  Kill.  -  Iron  is  &•  mmA  tk 
t^rtUki  ^L.tlMa  with  which  mare 


of  th« 
m  a  n^^oci^  of  the  codta 
!■■  1h9^  lata  th«  oom- 
Ftom  woti 
itf  anij  dmtofUkn ;  it  exisla  in  tho 
id  it  ii  isvad  «  ODeof  the  conadtUjeatfl 


ST' 


ittiiparti  m  lU' 


HVrttMiii.    The  quantity  of  inn  ikam  dutribnted  ckrougb  DAtara 
.ilv'uliition. 

s   l>oca  fonnd  ia  ft  nadve  state.    Tbo  Dearest  approach  tci 

^i«^|  liy  tnuBM  of  meteoric  ongin,  in  whidi  the  pezHsenta^ 

<k  Hh  til  UO;  tli4  rcmaindor  b«ing  composed  prmcipftllj  of 

It  it.  HfeaWit  llint  a  Lmmia  of  ua-tire  ifun  waa  iboiid  ftt 

Uoul,  U.8.»  atl*cht>d  to  a  mass  of  nuca^date  3M)ck;  aad 

'  K- iu  tuuftU  qnantities,  toosmall  to  bo  of  aayraloo.   So 

'  H\u  i\}r  tfth«r  subetanoeB,  that  abaolatelj  pore  iroa  cui 

oJkvmiat  ia  small  %uanti^ea  and  with  great  difficulty 

^4*  inMi  in  a  flaai  tab«,  hj  means  of  hjdxogGc  ox  by 

misTttfl  quantities  of  other  mb^ 
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a  white  Bilr^zy  fracture,  of  au 
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f  the  deports  are  immdQse,  imrtakdng  of  tii«  cbantcter  of  moimtama, 
pe  case  of  the  G«lliTflja  Mountain  in  &wedt<n.  the  Iron  Momitam  af 
it  and  the  IslAnd  of  Elba :  from  the  latter  soorce  orea  hare  beeti 
£xiftt  t^Q  iQuneiDorifLL 

■lAcA-tlon  af  Otes. — -Iron  ores  hnve  heon  ToriouHl^  arranged  bj  dif- 
litets.  The  vuriad  composition  of  the  ores ;  their  diffetent  degrees 
i^ss  I  their  geologicEiLl  position,  and  the  oompEuatiTQ  facility,  or  oiher- 
pih  which  tliey  v/ere  conTerted  into  crude  cast-iron,  have  severally 
id  d&ta  for  Uieir  closslficaCion  into  sej^ratQ  fivstemfl.  Inasmuch  as  the 
fg&o\ogy  now  forms  part  of  the  course  of  instruction  in  elementary 
I  nud  its  principles  are  pretty  generally  understood ;  it  is  thought  that 
girai  chiiSSLtic-Eition  of  (he  ores  will  be  the  simplest  and  most  naeful 
Ipij&nt  for  the  student  and  geneml  reader.  In  purauance  of  this  plan, 
jpi^nous  products  of  the  several  fonuiitious  ^vill  be  describi^  in  a 
Bciies. 

Iroti  0ri4  of  the  AUutflan  and  Dlluvian  Periods, 

.porficial  accuLmulfttitmB  of  decompose  vegetable  and  animal  mat- 

^  Boils,  in  di^posil-s  of  Band,  gravel,  and  clay,  formed  by  the  action 
V  fron  exiflta  ia  varying  ptoportdons  up  to  bjk  per  cent,  hy  weight  of 

There  haa  not  been  discovered  in  this  system  any  concentration 
oas  matter  ijito  beds  or  other  depoaitg  of  a  rii^hnesa  jauperbr  to 
e  m^jacent  mass.  Boulders  of  the  older  rocks*  moved  by  the  action 
and  ice  driftp  are  frequently  found  to  yield  a  higher  pcr-eentagc  of 
ngh  po&9€8sing  no  commercial  value.  In  the  North  American  and 
er  stiLtei,  magnetic  iron-sand  &eqnenUy  accompanies  tlie  drift  at  the 
tain  ranges.    Bog-iron  orea,  also,  in  small  quantities,  very  fre- 

>mpaQy  aootunnlation  of  drift  nnder  aimilar  circiuuBtances, 


Tli^  Teriiary  Formation, 

geological  atrata  are  charaeteri^ed  by  a  BiTnilmr  barrenness  of  iron 
ifTlie  crag,  freek-water,  and  marine  bedSi  consisting  of  gravel,  marls, 
[mpnre  HmefitoneSt  Ac.,  camUin  a  Bmall  admixture  of  iron  ;  hut  present 
LcationB  of  rich  deposits  of  the  metal.  In  the  United  States  exlcnflive 
ts  of  bsomatite  huvo  been  referred  to  the  tertiary  formation ;  a  more 
I.  cxamlnationi  however,  points  to  much  older  formationfi  as  their  cor- 

in. 
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Lja  formab'on  the  most  almnrlant  deposits  of  iron  oro  are  found  to 
I  Deacendiitg  to  the  chalk  system,  tUe  beds  of  fermginons  sands,  with 
l^is  syEtezs  (^bounds,  are  found  covering  a  largo  area.  They  form  the 
iDflt  dopouta  of  iron  ore ;  hut  owing  to  their  comparatively  low  yield  of 
mm  oeror  been  extenaively  wrought. 
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Tliig  fonniiUon  coatoms  numt^rous  l>ed.s  of  ore,  timilar  in  tbeir  genGral 
chan^ter  to  tboso  perrading  tlifl  lower  chalk  mc^iu'eB,  but  eitpehor  in  the 
yield  of  iroa.  In  Eaglaud  the  orea  of  this  sjBtem,  as  devdope^  iu  the  south 
nad  soTilh'wealem  counties,  prindpalJy  supplied  1-ht*  formerly  exten&iTQ  rengfl 
of  warka  wMcli  were  duric-il  on  ia  IIamp»Liri!  anil  Su3seiu  eo  long  as  the 
fi4jacietit  forests  ftfTordeil  ths  requidta  fuel  for  5miiltiii;g.  The  orcfi  of  thii 
fbrmatigu  formerly  quaicried  neiur  Dtjvizes,  in  WilUhire,  appear  to  hnve  been 
of  Ek  camparatively  lich  deBcription,  and  were  Id  much  demand  fgr  smtilliag. 
In  tJie  I&k  of  Wight,  m  Llncolashire,  ojid  tlie  wolila  of  Yorkfihire,  this 
formation,  and  its  attendant  beds  of  ore,  cover  an  extensive  Area  of  ground. 
On  th9  Cootioont  the  ores  of  tliis  group  nnd  of  the  grscu-^ond  fonmttioa  ara 
worked  to  a  considorabla  ext4!>iit;  eapodaUy  in  France, 

As  a  clas3,  the  ores  of  tYiiH  fonoiition  yield  a  loir  pcr-<tantaj^  of  iron,  and 
at  tho  present  dity  aro  nearly  neglected.  Situated  at  a  dist&£ice  from  any 
known  ntngo  of  oonlliuld^,  theif  use  at  existing  works  involTea  an  expeosiTe 
tnnait ;  this,  combined  wiili  their  g£«neral  kaunesa,  acte  oa  an  effectual  Larncr 
to  their  extensive  nso.  The  average  of  a  number  of  specimens  froin  Homp^ 
shire  gftTO  twenty-six  as  the  per-ceut%'U  of  iron  contained  in  theso  orea. 

Below  the  Wealden  group  are  found  those  beds  of  oolitic  iron-or«  which 
hare  of  late  been  extousiv^Iy  worked  m  Korthamptonshire,  and  the  Cleveland 
district  of  North  Yorkahiro.  Ocouriing  in  b*da  of  conaiderabte  tliickue^ 
[ranging  &oni  a  few  inches  to  twenty  feet  and  upwards),  and  frequeuiiy  con- 
taining a  large  per-centage  of  iron,  these  ores^  tliough  very  ainvlli^r  in  Lbeir 
chemical  character  to  the  ores  of  the  Wealden  group}  have  rajadlj'  atl^ined  co 
commercial  impoitaiicB 

The  compoaition  of  the  ores  in  tltc  Clovcland  district  is  displajed  lu  :ht) 
accompanying  analyHis  from  the  Memoii's  of  the  Geological  Survey : — 

Protoxide  of  iron     * 30-02 

Peroxide    .....*,,..  3  83 

Protoxide  of  mangitnose  .....  *93 

Alumina ,     ,    ,     .  796 

Lime ,     .  7  44 

Mflgneaia  ,     .     .     . S'63 

potash *    .  'JiT 

Carbonic  acid 22'85 

Phoaphoric  acid 1*86 

Silica S'fia 

Bisulphide  of  iron  ,,-.,,.  '11 

Water  in  coraljinatjon       ♦     *     ,     ,     ,  3'9T 

Orgunic  matter  and  sulphuric  ojcid  .    «  tmoea 

'ntanic  Qcid    ..,..*,,.  -98 
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^1116  «xt»nt  of  this  de^ri[»tion  of  ore  is  not  yet  acs^urately  defined.  It  has 
It  fotmd  in  sev)eral  places  in  Korthamptonaliire,  Lincolnshire,  SkXid  south- 
ds  in  OtSctdshiTc,  KutJAud  and  Dorset,  nortliwnrds  iiito  Yorkghiro ;  aud 
Ii«»bftl)Ijf  it  wiL  eventually  le  found  in  otJier  localities,  iacliiding  the  great 
efaalk  formation. 

In  the  Northampton  ores  &  greatei  degree  of  irregularity  in  the  yield  of 
int&  is  obierved  in  tlie  foUowing  analyaea  of  a  very  ritiL  and  a  very  poor  ore : — 


Peioxidia  of  irun  .  . 
Silic&    ,.,... 

/Llnwiinii      .      «      .      ,      . 

}%osphari€  acid  .  . 
FaroxJde  of  m&ngaaese 
Mf^nicsia  .... 
Loss  hv  ignition      .     . 
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or*3S  of  this  fonnatiou  aro  largely  developed  in  France*  and  the  cheap 
al  wbioh  they  are  iiiixed  and  ckauod  haro  groatly  contiibuted  to  the 
cxtcn&ion  of  Ihc  iiuu  iuduatrj  of  that  country. 

The  Lias  Fomuition. 

le  liflfl  fonntition  apjioors  to  he  very  d<>>fici&tit  in  iron  ores.  A  few  thin 
tarlhy  ourhonatts  iir«  knowia  to  eidst,  and  have  been  partly  worked 
icolusiuru  ttuid  Yorkshire;  but  th«  exJstenco  of  &ny  oontiuuous  beds, 
a  rich  per-cuntage  of  iron,  hrt^  not  been  mttde  knovm. 
In  tlie  tunrla  oonstitwting  the  upper  scries  of  the  now  rod  sundetone, 
nagnntic  irou'saiid  is  founJ.  The  red  fiandiiton<:a  and  mogncsiftu  lim(5Btones 
cout&ixi  iiotluloB  of  ha-mutiric  coiirtretiuus;  iron  pvritoa,  Uxt,  are  conunon* 
WUh  thcso  oxceplioUB,  lion  over,  thl^  system  is  deatitutci  of  iron  ores. 

^^H|p[|AlMn>rkBQf  thin  oountxy  derive  their  principal  supply  fW>Tn  the  earthy 
^^^^HkMi^t  the  cool  mcasurea,  wliich  fundsh,  with  proiK«r  treatment,  crude 
iron  of  the  beat  qiuUily,  The  great  coal-lieldB  of  South  Wtiles,  Staiftisrdatiire, 
Yorkshire,  and  Scotland^  and  tJie  minor  fielda  of  Shropshiri*,  North  Wales,  and 
WwTrickflhirc,  ore  abundantly  supplied  with  these  eorbonntcs.  Thcj  principal 
mage  of  the  carboniferous  or  inouutnin  limestone,  according  to  Mr,  Warringtoa 
Smytli's  noant  ruifrort,  omerguBfrom  beneath  tlie  Durham  and  Northumbeihmd 
coal  mea-sures  on  tlie  etmt ;  is  bounded  by  a  steep  declivity,  ovGr1ookin</  the 
rivcrEidenonthe  west;  reaches  its  culminating  point  on  the  ]onj»Biomitainona 
ridgft  of  Criis8  Fell,  tlius  forming  the  vast  tmct  of  moorland  near  Alston,  and  in 
the  hiyh  dft9*dutc region  ftdjnining  tho  Scotlish  border.  The  mode  of  oceurrence 
LI  in  bundB  and  uodiilrs  of  a  dork  bluihh-gray  colour*  dinpersed  through  tho 
XL<$  banda  vary  greatly  in  thiekneBa^  :&am  a  quarter  of  an  inch  to  twu 
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feet  and  upwards.    The  compogitdon  of  the  ores  fimnd  io  the  Scotch  fielil  ii 
well  represented  hj  the  following  analysis : — 

Protoxide  of  iron 45'8i 

Ca]:)>onic  add 83*08 

Protoxide  of  manganese *80 

Silica 7-88 

Alumina 2*58 

Magnesia 5*90 

Lime 1-90 

GarbonaceoQS  matter I'SO 

Moisture -90 


100*68 


Earthy  caibonatea  from  Uie  other  coal-fields  are  of  a  "very  similar  character. 
The  analysis  of  a  specimen  from  tiie  Warwiokahizie  field  is  sulgoined : — 

Carhonatea  of  iron 79*19 

„            manganflSft 1'4A 

„            lime 6*85 

„            magnesia 6*80 

Alumina  • *50 

Silica 4-85 

Phosphoric  acid *71 

Water,  bituminous  matter,  &o 1*15 


10000 


The  coal-fields  of  the  Continent  appear  to  be  leas  abundantly  supplied 
with  these  ores,  and  the  quantity  found  is  exceedingly  limited.  In  France 
the  coal-fields  of  the  Gtarde  and  the  Loire  yield  small  quantities  to  the  u^ 
cent  works.  The  analysis  of  a  specimen  firom  the  latter  field  shows  a  con- 
siderable difference  in  composition  from  the  Scotch  and  Warwickshire  ores ; 
the  per-centage  of  ph<N3phoric  acid  seems  excessive,  while  that  of  carbonste 
of  iron  is  very  low. 

Carbonate  of  iron 5680 

„            manganese    .    .    .  1*50 

„             magnesia ....  6*30 

„             lime 2-50 

Phosphoric  acid 0*10 

Lime 6*00 

Sand  and  clay 20  20 


100*00 
The  Westphalian  coal-fields  contain  numerous  hands  of  earthy  carbonatett 
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i2td  probably  at  no  disUnt  daj  they  will  be  us*d  in  coiy  uaetion  with  tiie 
mineral  fuel  with  whioh  they  are  Buirounded.  Limited  qnantitios  also  atq 
beliered  to  oxiet  m  the  Biscayan  proTuacea  of  Spain.. 

The  Kordi  Anieiic&n  fields  canl&in  worliablo  bonds  of  the^e  ores,  whi<'h, 
though  infeHor  hi  richness  to  dniUar  ores  iii  England,  are  tised  to  a  consider- 
alile  extent  in  competition  niOt  tlic  heematit^  from  the  older  fomiatian.  Vir- 
gima,  Kentucky,  T^nn^sse?,  Alabama^  Penn&jlYania,  and  Ohio,  possetia  large 
deports  in  their  coal  ft>nnat)ona ;  while  Missouri  and  Ihe  other  leas  perfectly 
explored  states  of  the  west  are  beliered  to  coutniu  equally  important  deposits. 
By  analymi,  one  of  the  beet  Bpeotmens  of  the  FennsylvaQian  field  gave  : — 


Protoxide  of  iron 
Cajbonic  add  . 
Lune  .    . 


Saica      . 
Alumina 
Peroxide  of  iron. 
Bitumiuous  matter 
Water     .... 


530?* 
35*17 

1T7 

1-40 

•63 

•aa 

903 
1-41 

10000 
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When  oitidizedi  this  one  forma  hydrated  oxides — bronm  or  yplloTrhfemntitoa, 
In  its  original  form,  in  the  United  States,  it  is  found  in  round  or  tintlened 
lumps,  or  Gpheroids,  ranidng  from  globules  the  fiize  of  a  pea  to  masses  of 
sereral  tons  weight,  imbudded  in  claj,  clay  slate,  sandstone^  ehell,  or  lime- 
Monc>  and  arrs^ed  in  reiEfuhur  veins;  bnt  as  tlvore  are  often  large  masses  of 
lead-slate  between  tho  balls,  it  is  an  e^pensiye  ore  to  work.  The  order  contains 
about  ^irty-three  per  cent,  of  metal  *  when  roasted,  it  emita  the  peculiar 
evthy  odour  incident  to  clay  and  clay  ores. 
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These  occnr  exten&tvely  in  some  districts,  bnt  on  the  whole  are  much  lesa 
•^xmdant  than  the  earthy  carbotintes.  The  coolfitildfi  of  Scotland  contain 
Uie  richeat  deposits  hitherto  discovered.  North  StolTord shire  possesses  valu- 
ftble  dejioHitdf  which  are  wrought  to  a  leirgo  extent  for  the  supply  of  local 
btmaces  iind  transportation  to  South  Staflbrd&hirc.  Soutli  Wales  also  con- 
tains numerous  eeams  of  this  ore,  which  are  partially  wrought  in  sevend 
plaOM.  Of  late  years,  small  q^uantiUos  have  been  wrought  in  Ireland,  and 
^ppad  to  the  Scotch  works;  but  the  extent  of  the  deposits  in  tliat  countiy 
it  not  yet  nscerlained. 

The  composition  of  a  specimen  of  the  Scotch  carbonaceous  or©  (black 
band)  is  seen  in  the  following  results  of  an  analysia  by  Dr.  Colquhonn : — 


Protoxiile  of  iron      ,    .     . 

.     830S 

Carbuiiit!  tLcid  .     .     ,     ,     , 

,     V>IJ 

Lime 

.       3S3 

MagiMsia    ..... 

1-77 

Silica 

1-40 

Aluminft      ...... 

'tta 

Peroxide  of  iron  .... 

■as 

Bituminous  mattor    .     .     . 

.       303 

Moisture  and  loss         .    . 

141 

100  00 

The  North  Staffordshire  ore  bo^  a  BiinilaT  composition,  as  is  seen  I17  tha 
MSulU  of  on  ftiialysU  liy  M.  Herepath.  Generally,  liowcver,  tlieso  ores  con- 
tulu  notable  quantities  of  phosphoric  acid,  and  not  unfrequcttlly  au  amotml  6f 
Eiilphur,  ovou  larger  than  is  here  represented  uader  bLBulpMdo  of  iron  :— 

Protoxide  of  iron ,  42  35 

BiBai][iliido  of  iron 353 

Prolcixide of  uiftngJMicM      .,...,.,.  748 

Silica   .     , , ,     ,  li-20 

Alumina '60 

Lima 4*0» 

Mi^nebitt 2  00 

Bituminous  matter,  witter,  carbonic  acid,  and  loss  37  35 


10000 


Tbo  South  Walesa  ores  of  this  class  are  not  genemDy  rich.  By  an»Jyd«» 
a  very  cleun  Bpucini^.-n  ^ncldod  :  protoxide  of  iron.  43(^2;  protoxide  of  tniui- 
gancse,  480;  alumina^  '&6 ;  aili<*a,  180;  lime*  2*00;  watur,  carbonic  add, 
and  loss,  47^24=100  00.  Ores  of  tbis  class  aJao  exist  in.  the  West^dialiib 
^elds,  and  to  a  Umited  e^ctont  in  tlie  French  flddB.  They  have  also  boeu  dis* 
covered  in  the  Statti  of  Matylaiid. 

Hhc  proximity  of  the  ore  to  the  fuel  required  for  it*  reduction,  and  to  thfl 
limestone  ua&I  na  a  fliu.  in  the  siuelttug  f^txtmct ,  nas  cooferrtd  on  tlie  sercrml 
Ooal-ficlda  such  Liaiu«asurabl6  adA'ontagci  in  the  ceonomioal  prodmrtion  of 
saperior  metal^  that  it  ia  probable  they  will  lon^  continiie  to  he  tha  printipdi 
•eats  of  the  manufacture;  moreefipueiaUy  aa,  lulded  to  th^o advantngce.  Ml 
ftbiuidiiocti  of  ibti  ftoieat  £i«-ck}'«  and  re&wtoiy  MjuUtonM,  as  ««1I  as  biti]d< 
mg  stone  of  Rood  quality,  ja  gi^nerallj'  found.  It  is  thus  B***n  that  th«  great 
coal  formations  of  ihia  countxy  contain,  in  an  emioent  dv^^e^  every  mateml 
required  in  the  maiiufauturQ  of  iron.  The  hfr^hJy  ferrogiuoua  charaHcr  of 
seveml  coal-jit-'lda  ia  well  exemplified  in  the  following  abstract  of  a  st'CUi.tU 
of  the  SoiiUi  M^ales  baain  at  Mertbyr  TydvU,  with  the  yield  per  acre  of  am 
by  the  gvveral  desciiptions  of  eirata'^ 


ORES 

OF  TUifi   0AHBONIFBKOU3   FORMATrON. 

161 

Thickness  in 

Tiold  of  Iron 

Quantity  of  Iron 

feet. 

per  eent. 

per  acre. 

Roclcs     .    . 

.     309     . 

.     .       3     .     . 

.       30,201  toua. 

SholGS     .     . 

58!)     . 

.     10     .     . 

.     190,020     „ 

Cliffs      .    . 

125     . 

4     .     . 

.       21,780     „ 

Fire-clays    . 

90     . 

.       0     .     . 

.       20,130     „ 

Coals      .    . 

100     . 

.     —     .     . 

— 

Iron  oro .    . 

23     . 

.«:>.. 

.       30,-192     „ 

Clod  .... 

61     .     . 

0     .     . 

.       13,0(18     „ 

a-io.70o    „ 

In  addition  to  tlio  earthy  carbonates  nnd  cnrhounccous  ores,  the  coal- 
Ids  contain  iron  pyrites,  which,  thou;;h  consiilered  worthless,  and  productivrt 
injury,  even  when  used  in  the  smallest  quantity,  may  nUimately  he  found 
;fiU  for  the  production  of  a  species  of  crude  cast-iron.  Tliis  oro  usually 
rars  in  tlie  coal  is  concretionary  masses,  hut  at  other  timc.5  it  is  found 
bering  to,  and  is  disseminated  amonj^st,  the  rocks  of  tlie  lower  measiuvs. 
e  composition  of  the  masses  from  the  coal  seams  is  usually  48  pai-ts  of 
n,  with  52  of  sidphur  mixed  with  carbonaceous  matter. 

Caxboniferons  FoTmatlon. — The  momitain  limestone  geuei-ally  con- 
ns a  small  quantity  of  iron  disseminated  through  its  mass,  as  oxide  or 
iilphide.  Particular  coal  fields  also  possess  large  deposits  of  rich  hiematite 
,  of  a  quality  adapted  for  the  production  of  superior  iron.  From  the  mines 
ftliitehaven  in  Cmnberland,  and  Ulverstone  in  Lanraahire,  laifje  quauti- 
t  of  ore  are  mined  and  despatched  to  the  irouworhs  of  South  Wales  and 
A>rd8hira.  Gloucestershire  also  produces  a  considenible  auiomit,  wliilo 
imorgonshire,  Derbyshire,  and  Scotland  severally  produce  limited  qiiau- 
cs  of  rich  ore  from  the  limestone  measures.  The  carboniferous  limo;>li>nc 
^orthiuubcrland  produces  a  quantity  of  the  carbouatc  of  iron,  which  hiis 
i?Qtly  received  some  attention  from  neighbouring  smeltci's. 
To  tlie  west,  on  tlic  nortlieiTi  shoulder  of  Crossfell,  aud  to  the  cast,  at 
hope  and  in  Wcardale,  the  outcrops  of  u-on  veins  ugniu  present  them 
res.  In  the  eastern  part  of  tliis  region  the  spai-ry  ore  makes  its  appear- 
0  abundantly.  Here,  as  oLsewhcre  m  the  ntighbourhuod  of  SUiuiiope 
m,  in  Wcardale,  the  veins  are  particubirly  charged  with  this  ore.  Mr. 
yth  gives  the  follondng  analysis  of  a  pieco  of  this  ore  derived  fiom  the 
pcy  iron  in  Bookliopc,  remai-king  tliat  the  high  character  of  the  iron  pro- 
ed  from  similar  ores  on  the  Continent,  more  especially  llio  stecl-iroiis  of 
gen,  Styiia-,  and  Carinthia,  render  tlic  introduction  of  this  ore  into  Ulo 
liflh  iiou  manu&cture  a  step  of  much  iuiportance  : — 

RESULTS   OF  ANALYSIS. 

Protoxide  of  iron 49*47 

Protoxide  of  manganese 2*42 

AfamJTMit traces 

UnniL  METALS*  V. 
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lame       3'47 

Magnesia 3*15 

Carbonic  acid 37*71 

Pliosphoric  acid traces 

Silica      1*20 

Sulphuric  acid traces 

Bisulphate  of  iroa 0*08 

Organic  matter traces 

Insoluble  matter 3*77 

101*27 

Here,  as  elsewhere,  brown  peroxide  is  mingled  with  the  sparry  ore 
Mr.  Smyth  thinks  the  brown  ore  is  duo  to  the  decompositLon  arising 
atmospheric  action. 

The  composition  of  the  richest  kinds  of  the  "WhitehaTen  luematite  is 
in  the  following  tabular  result  of  an  analysis : — 

Peroxide  of  iron 95*10 

Protoxide  of  manganese *24 

SiUca &*66 

Alumina '00 

Lime *07 

l^hosphoric  acid,  siilphuric  acid,  and 

bisulphide  of  iron traces 


10115 


A  rich  specimen  of  the  Somersetshire  hiematite,  smnll  quantities  of  \\ 
are  smelted  in  tlie  South  "Wales  works,  gave  by  Mr.  Mitchell's  aualys: 
Peroxide  of  iron,  85000 ;  alumina,  6-250 ;  siUca,  3*304 ;  lime,  1*087 ; 
nesia,  l'4:58 ;  oxide  of  manganese,  1*601 ;  sulphur,  *210;  pho3i)horic  acid, 
water,  loss,  &c.,  033  =  100000. 

It  is  worthy  of  remark  tliat  in  fields  deficient  in  tlic  numerous  thin  b 
of  earthy  carbonates,  so  characteristic  of  tlie  Staffordshire,  Sliropsliire 
South  "Wales  districts ;  the  absence  of  workable  bands  of  ore  intei-sperse 
tween  tlie  seams  of  coal  is  amply  compensated  for  by  the  immense  depoa 
rich  hieraatito  in  the  subjacent  limestone.  Tlie  Cimiberland  and  Laucu 
fields  display  tliis  compensating  principle  in  a  high  degree.  The  coal-bei 
strata,  though  partaking  of  the  same  ferruginous  character  as  in  the  < 
coal-fields,  is  nearly  devoid  of  deposits  of  earthy  carbonates.  In  the 
stone  formations,  however,  this  apparent  deficiency  is  met  by  a  band  o 
varying  in  thickness  from  a  few  feet  up  to  twenty  yards,  which  yields 
acre  a  quantity  of  iron  even  larger  than  the  aggregate  of  the  thin  earthj 
bonates  of  the  South  Wales  field.  Tlie  smaU  basin  of  Dean  Forest  is 
larly  situated  in  regard  to  supplies  of  ore ;  the  rich  deposits  in  and  belov 
limestone,  compensating  for  the  barrenness  of  the  cool  strata.  The  S 
Wales  basin,  however,  affords  the  most  instructive  example  of  the  com 
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ice  of  iroQ  ore,  in  oue  form  or  other,  in  aU  om-  coal-fieldii.  The 
I  pGrtkxi  of  this  basm  ia  amply  supplied  with  eartliy  carbonates,  but 
1  of  hffimatite  in  the  limestone ;  the  southern  portion,  on  the  other 
spnnngly  supplied  with  carbonates ;  but  possesses  considerable  de- 
:  <tr^  in  the  limestone  ibnnatlon. 

The  Old  JUd  StinditOM  and  SUttnan  Sifitetn$. 

quantity  of  iron  disseminated  through  the  old  red  sandstone  is  euor- 
Ithough  the  deposits  of  valuable  ores  appear  confined  to  a  few  districts. 
:k  derives  its  colour  from  an  admixture  of  peroxide  of  ii'ou,  of  which 
ins  from  0  to  7  per  cent.  Calculating  at  this  amount,  the  entire  thick- 
the  system ;  it  appears  tliat  the  quantity  of  ii'ou  so  dispersed,  amoimts 
)  one  million  tons  per  acre. 

tic  previous  formations,  the  ore  has  existed  as  loose  superficial  accu- 
Lis,  bands,  or  nodular  concretions ;  in  the  old  red  sandstone  and  lower 
rocks,  iron  ores  are  generally  found  as  veins,  more  or  less  regular 
thickness  and  inclination  from  the  vertical. 

ores  foiuid  in  tliese  systems  are  of  various  descriptions  and  qualities. 
North  American  States  they  contain  veins  of  fossihferous  ores  and 
£8,  in  conjiuiction  with  veins  of  limestone  and  shale,  funiisliing  the 
lupply  to  local  iron-works.  In  tliis  country,  tlie  principal  workings  are 
•nsliire  and  Somersetdliixe.  The  latter  county  contains  some  veins  of 
irbonate,  which  are  wrought  to  a  limited  extent ;  also  very  extensive 
i  of  liBEmatite,  wliich  were  worked  for  tlie  supply  of  the  charcoal  fur- 
r  a  former  period.  Tlie  yield  of  ii'on  ore  from  Devon  and  Somerset  is 
e  ;  but  witii  greater  facilities  of  transit  to  sliippiug  ports,  it  is  possible 
se  ores  may  become  of  importance  to  tlie  Welsh  iron-masters, 
general  quality  of  tlie  haematite  of  these  systems  may  be  gathered  from 
oined  analysis  of  a  specimen  from  tlic  Kxmoor  Forest  district.  It  must 
.0  in  mind,  however,  Uiat  the  avei*age  richness  in  iron  of  the  larger 
I,  is  very  much  under  the  per-centage  of  tliis  specimen. 

Peroxide  of  iron 7200 

SiUca ««U 

Peroxide  of  manganese  ....     U'2(t 

Altitpipft. tl'lO 

Magnesia 'IH 

Phosphoric  acid '40 

Water  and  loss 4*40 


10000 
^ritlirr  And  Viimuy  Foimationa. — ^Tlie  grauwacke  and  other  older 
ms,  are  interspersed  witli  iron  ores  of  nearly  every  known  description, 
ind  Cornwall,  where  tliese  formations  are  extensively  developed,  yield 
Taluable  iron  ores.  The  principal  are  the  wliite  carbonate,  htema- 
1  hydrated  peroxide.    The  white  carbonate,  when  free  from  arsenical 
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iron  iimtcs,  yivhh  iron  of  a  superior  quality,  thouj^li  the  average  richness  is 
lielow  foiiy  iier  cvnt.  TIic  quantity  iiiiued  in  England  is  vei^-  limited,  and 
1ms  no  iii:liit'noo  on  the  ^'urn'ml  qnality  of  British  ii'on.  The  Austrian  iion- 
yvorlifi  ill  Styria  anil  CiiriiitliiJi  use  this  ore.  in  conjunction  witli  charcoal  fuel, 
in  thL'i>iv);UuMi''n  ^'fi'ino  sti'd-inms.  for  wliich  branch  of  industrj'it  appears  to  be 
oniiiH'ntly  ikI'ijUihI.  It  occurs  uU't  in  otlior  paiis  of  Germany,  in  Kns!>ia.  Spain, 
nml  ulliia*  ICiiritpi.'nn  stitis.  Oitili*ccontly. tho explorations  for  this  ore  have 
I'cen  cnnfiii'il  to  Sonu'r.-Mts-liiro.froni  wiiicli  placL-  n  specimen  of  the  following 
compositi'ni  WHS  olitniueiT.  From  the  Gc'.)U\2ic;il  Sun'oy  iihvaily  qnoted,  it 
will  be  scon  that  it  is  found  in  the  Clevv-lnnd  tli>trict.  From  Cornwall,  also. 
a  sample  of  consldcr;il>lo  purity  >vas  obtained.  The  results  of  tlic  Somerset 
and  Curiiv.all  aii;ily>t.:^  arc  annexed  : — 

Somerset  ore.  Comi.th  ore. 

.     .     ol-.VI 
.     .     :U*5I) 
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Prot^-xMi^  (»f  iron     .     .     . 

nT:W 

Cinbniiio  f.-iil     .     .     .     . 

:l,"rsr» 

I^•ruxidc  f'i"  iron       .     .     . 

8-.V> 

iVotoxifTp  of  mau<ran(.su   . 

1  •>■«."> 

ih(j;ni  >ia 

■X-ryl 

^.loislure  and  lo:>Ji    .     .     . 

MH 

:i-5G 


1 0000  10000 

Tlio  h  ri  niiitito.^  of  C'on\ivnll  nw}  Potou  aiv  ]\ii  t  iislly  \\TOU;;ht  for  the  supply  of 
the  AVol>h  inai-ivorlis :  tr-viii-^'.  liowovor,  to  flic  absence  of  cheap  transit,  aud  a 
more  ciircful  snpervibinn  in  clcaniuii.  ihc  quantity  shipped  is  small  in  eomjwirison 
with  the  innfrnitudc  of  ihc  veins.  A  siiuiiil:.'  of  h.Tmalite  from  the  eastoni  part  of 
Ctiimviill  \ieldcd : — IVroxidc  of  iron,  OO.no  ;  silica.  -.ViOo  ;  hme,  7'10 ;  ahimina, 
"i^i*} ;  UKi;.'!!'*^!;'.  :107  ;  aud  nxideof  niaup[niiese  •"1!  =0!)(W.  North  "Wales  pro- 
duces siiitiU  r|u:nitiii".s  of  luematite  h*om  the  clay-slalo  fonnatious  of  Caemar- 
voushiro  :iud  ^rcrionuihshiro. 

In  additinu  in  the  luvmatites  with  vliicli  these  fonnntions  abound,  tlic 
ma^nu'tic  oxide  is  f-umd  iu  cousidcrnldi?  quantify.  Small  deposits  of  tliisore 
exist  iu  Devon,  autl  n  few  isolated  frapuents  are  obtained  in  Cttmwall  and 
other  i>l:i<'es;  hut  if  W(!  except  the  recently-discovered  beds  of  this  ore  in 
parts  of  Vi'vlishirt?,  Ijij^land  is  siTicuhirly  deticient  in  the  mapietic  oxide. 
(>ii  the  Coutiui  nt.  lio'.v;ver.  it  h  found  extensively  in  Norway,  Sweden. 
France,  Oermauy.  and  olher  European  States;  Ansti-aha  and  Now  Zealand 
abound  with  it:  the  African  continent  contains  larjre  deposits;  so  also  do 
fhe  North-Auicrii  an  Stateif.  In  Turkey,  I Vrsia,  and  SjTia  it  is  manufactured 
into  the  celebrated  Dinuiiscus  blades ;  while  in  Imlia  it  is  used  almost  ex- 
clusively iu  the  ]iroduclion  of  the  wootz  steel. 

Whcu  pure,  the  mafru»^tic  oxide  of  iron  is  composed  of  one  atom  of  tlie 
IjroUixide,  with  two  atoms  of  tlie  peroxide  of  iron  ;  or,  decimally,  of  iron  7l*7W, 
oxygen  2S-:! I  =  1 0000. 

Other  ores  iu  which  in^n  forms  a  conspicuous  part,  occur  iu  the  primaiy 
formations ;  one  of  tlie  most  common  of  these  is  the  arsenical  iron  (mispwkel). 
tlie  averntje  comiKisition  of  whicli  appears  to  be — arsenic  43,  iron  3(i,  sulphur 
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iU  =  100.  Iron  pyiitea  (aiilphiirct  of  iron)  is  very  commonlj'  met  \ntli  iu 
conjimction  -with  other  ores ;  its  comi>o.«tioii  is — ^iron  40,  sulphur  01  =  100. 

Chromate  of  iron  (chrome  iron  ore)  is  ratJicr  a  scarce  iiiiueral  in  En<;lanil, 
but  e3usts  in  small  qiuintitica  in  North  Amenea. 

Franldiuitc  is  another  mineral  iu  which  /.iuc  forms  IT  or  1-^  per  cent,  of 
the  whole. 

Titanitc  of  iron,  tungstato  of  ii-ou,  anj  Bome  other  f(.)rms  in  wlilch  thi:i 
metal  upx>cars,  occur  so  very  seldom,  that  a  detailed  notice  of  them  Avould  be 
foreign  to  tlic  plan  of  this  work. 

The  Miniinj  of  Iron  Ona. 

TliLs  biTUich  of  meltiUurgic  uiduritrv  is  nowhcio  cnnie.l  on  to  Kuch  au 
extent  as  iu  Groat  Biiuiin.  The  amount  aumiuUy  extraduil  from  the  several 
geological  fonnatiouis  exceed  1^,000, OUO  t<nis — a  *iuaiitity  which,  iu  rcyiu-d  Ui 
\fAxx<i  aud  the  capital  uivcsted,  is  suooud  only  In  coul,  am-.>ugst  the  iiiiucnil 
products  of  the  Idnj^dom.  Half  a-ceiitury  iijljo,  the  tutnl  (|imiitity  raised  did 
not  exceed  a  million  tons.  This  rajud  augiu«  iit:itio;i  iu  tlic  rate  of  pvo*hiotion 
luLs result.^ from  thcfreqiioiitreductioniu  iniuo.v.iii.-li  lias  eaused  a  proportion- 
ately increased  demand  for  raw  and  miiuufactiui'!  irou ;  from  the  ext^^'iisivc 
nie  of  the  metal  fjr  our  o\\-\\  railways  aud  otlier  structures  in  wliich  itlbnns 
the  principal  material;  and  from  the  demand  for  CuutLiieulal,  Aiuerican,  and 
Indian  railways.  Conse^xueut  on  tliis  altered  st.ite  cf  the  tiude,  mhiing  for 
iron  ore  has  received  an  imxiuisc,  iihich  imxirovcd  modes  and  appHanoes 
have  largely  accelerated. 

Formerly  the  ores  were  extracted  from  surface  excavations  or  shallow 
vorldugri,  and  carried  on  the  baclcs  of  mules  to  the  snielliugfiiniaces.  This 
inia  the  mode  of  conveyance  largely  practised  in  South  AVales,  in  the  early 
part  of  tlie  present  century.  The  mountainous  chai-acter  of  this  and  other 
miuerol  districts  lu-ccludod  the  tulopUun  of  canals,  and  necessitated  the  eiu 
^ymcnt  of  this  cxjwnsive  and  toilious  mode  of  transport.  Now,  extensive 
Hystcms  of  mhienil  raihvads,  inclined  planes,  and  locomotive  i)owcr,  have 
placed  such  districts  on  a  par  witli  tlic  moat  favoured,  in  i-ospcet  to  transit  of 
minerals. 

The  miiiuig  of  tlio  ore  is  variouslj'  conducted.  The  sbnplest,  and  at  one 
period  the  general,  mode  of  extmetion  was  hy  o])eu  excavations,  tlic  soil  being 
removed  to  tlie  depth  of  the  ore,  which  is  tht-n  removed  also,  aud  the  cavit}' 
filled  up  vn.ih  tlic  rubbish.  Tliis  is  tlie  mode  practised  iu  working  much  of  the 
earthy  cnrlMinates  of  South  Wales,  Derbyshire,  and  other  distiicts;  altliough 
dight  niodiiieati'ins  are  sometimes  seen.  In  South  "Wales,  wherever  this 
system  of  open  quanymg  can  be  practised,  it  U  cai-ried  out  on  aii  extensive 
Hcale, — occa.siimally  over  ton  or  t\v«lve  aeivs  at  once.  AViiere  pnictised  on 
this  large  scale,  tlie  gencml  avi*angeim.'nts  are  neci  ssarily  diirerent  iiom  those 
adopted  iu  smaller  workhigs.  The  work  is  usually  commenced  at  the  out- 
crop of  some  known  band  of  ore :  at  first  tlic  thin  covering  of  cartli  is  easily 
tiaposed  of;  but  on  foUo^riug  the  baud  in  depth,  the  increased  biu'den  of 
days,  ithale,  and  stone,  requires  more  euginecrhig,  iu  order  to  dispose  of  it  iu 
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an  uiexpeiiiiivo  maimL^r.  i  He  ouncniiy  j»  iMnwiaeriUilT  ir(.'i-«»&c*i 
proportion  of  ore  to  del^m,  dJi  a  gt^nimdly  the  ease,  u  r^rj  sniaU:  sine? 
tliu  volamo  of  the  klti?i%  in  iU  Iooac  stnle  after  rQiuoval,  is  fulW  doabk 
1)iii.t  (*r  tfid  spacti  T\'liich  U  oi'igitiujjy  (KH7^}ni*4l.  This  incnease  of  litilk  U 
ohvmtihl  La  vari*jii3  woys :  where  mn  unlimit^il  urcfl  of  iraale  ground  is  avitil- 
>ihly  f*>r  iti  di:!pfjsit,  tlic  KiiriHua  is  n»itiovc4  tivitlit?x;  where,  hmTt'Vtr,  llie 
tUtrpi )Hablo  soi'faco  is  Umited  to  the  area  cotitniiiing  tine  oro.metuis  aru  adoptcil 
for  giving  the  heap  of  debris  An  ekvatiou  KuSioieut  to  c^jataiu.  Ihe  entin;  quasi- 
tity  pruJuced, 

When  proaeciitcd  to  a  c on ^dorahle  depth,  therchj* rt-'snlliiig in  tlie working 
fiKD  ftttaining  &  height  of  30  or  40  f^ct,  the  farther  exteneiou  of  th«?  work  i^ 
di^  Wed  iuto  Vvo  or  threo  stnges.  The  lowu'st  part  of  the  ext^avation  is  kept 
clear  with  tho  HSBistaut^e  of  an  inclined  plimo  mid  small  stfam-hnulitig  engine. 
This  iuodo  of  "  cletiiing  the  bottom,"  tis  it  is  ttivhuically  temied,  is  illnfftrnted 


1u  the  ncfiompaminpf  eii!cnTi^*iug.  It  will  be  Been.  tlmt.  fijllowinj?  th«  ^midwy- 
KU'iii  of  fit^fim-powcv,  the  elevnUon  <*iveri  to  lUc  acuirniulfttion  ia  fiiiffn*i*«t  to 
riiiliiare  the  ontirt-  product]  witidji  the  horiKontul  sucfaco  exposed  by  the  ad- 
vrtuelnjT  workings. 

In  worUinfi  wiUi  a  shallow  fecc,  mw  unsldlled  labour  ifl  iisnnlly  emploTod; 
huL  whoro  a  doop  ffico  i^  wi-ought,  the  proceRS  ia  extroracdy  htLzardoiw,  and  a 
portion  of  the  force  empluycd  requires  to  bo  thnt  of  akilled  miners,  Tha  sta- 
tion of  thp  latter  is  at  tlio  bottom,  whtn*e  they  ftre  eitipkyed  in  Ujc  daiigvrcnia 
occitpMlioii  of  imdormiiiin^j  the  swpci'tntMTinhent  ronss. 

Kstnu'Uon  of  (he  oipliLic  oit3  t>f  NortlinrnptLiJisliire  is  fonfluctcrd  in  a  num 
nor  ttiJiiilar  f4wiiian->Hi]^  ooinmon  hniUliui;  stnne.  Frnjn  (lie  ^-eal  thicklMat 
of  tlir  hfilrt  of  ore,  ami  the  eoiiipftrativcly  thin  coTeriiiff  of  soil,  tlierc  ia 
httli!  (liihi'tiHy  iil.t*'niluig  tlje  <1i«po!^  r>f  tlie  debris.  A  portion  of  thu  hiema- 
titv  of  Cumbcrliind  is  niiutHl  in  it  Riniiliii"  mannor ;  ^n*\  the  occun*ct]eie  of 
A  iiiiuninoth  vein  of  roni'«ii*  hn*niali(«,  in  n  clilf  cm  tiic  aarth  const  of  Cornwall, 
h»»  hcvTi  hikt'U  QflvnTiiiiLje  nf  fuv  an  open  worJtiiig, 

in  pitrtH  of  tho  Soulh  WhIci:^  iniiioml  liuld,  tlio  dose^mUng  bniid  of  orv  is 
followed  ill  ilA  poin-su  by  a  dip-h^adiny^  or  iiai*row  ^liery,  ftytin  which  tile 
uiJi^ei  of  tnttttiriiil  is  broUj^iit  np  by  a  railwny  and  Btcmn^^tijErinc  at  top.    At 


i 


f.iRK    ^IiA^V[N^J    AND    HiL  Al  S'Afii:    Al^fMlVi 


nw 


Btatt'd  diatancea  apart  on  the  iuulined  tlesL^fiit,  L.-vtly  itri>  drivon  right  and  li^it. 
with  cross-headings  joinmg  thorn,  Emd  a  system  of  pilkir  auil  Btaii-workiug 
paiHued  in  Uib  extraction  of  the  ore.  The  plan  more  comiaouly  pin^ucHi, 
iwweveTp  when  the  depth  of  coverbtf^  hna  nttained  too  groat  n.  tiiickncsa  for 
r«movBl,  is  to  tranafor  the  operations  to  a  Boitabla  paint  on  the  dip  of  Uie 
i^rata ;  a  pit  bemg  ennk  &om  the  snrftice  to  intcrsicct  the  bmida  of  ore  at  the 
csl<mUted  depth.  Tho  pit  thus  ^tink  is  generally  large — soldom  \c&s  than 
16  by  8  f«et  ;  tmd  if  Bwak  throngli  weak  or  shifting  strata,  it  ToqiLirc^Ei  to  be 
sabstanttallj  lined  with  masoiirj  or  hrickwork.  A  powerful  steflni-cngine  is 
emplojed  for  holding  up  the  rubbish ;  and  where  the  ground  is  wet,  a.  lift  of 
pumps  foUqwathe  sinkiug,  in  order  to  keep  the  pit  properly  dniiued.  When 
completed  to  the  required  depth,  it  is  fitted  up  with  a  piiir  of  cogcg,  which 
"Work  between  vertical  guides  fixed  in  the  pit^  for  the  pnJiiOfja  of  supporting 
and  steadying  the  train  waggons  in  thdr  n^ettt  and  de^teent.  TIlc^o  prcpa- 
i&tionB  toe  generally  mado  ou  a  scale  adapted  for  the  daily  delivery  of  4^0  or 

DUO  tons  of  luatcriaj. 


^fe^ 


A  akotch  of  the  ar 
raiigoineuts  for  vdnd- 
ing  and  pumping  i» 
given  in  the  accom 
panyiug  figure  ^  where 
A  i^  the  Bteani-fu- 
gine ;  B  wiiiiimg  nnd 
piim  1  ling-gear ;  C  pit- 
hendthuning.madoof 
balk  timber ;  D  cage 
and  tmiu  -  wrtggon  ; 
EE  guides,  common- 
stretched  tight  fruin  top  to  hot- 
F  pumping-hetim,inFikiug  one 
or  foinr  of  Hip  engine. 
mx  of  the  Euikinf:^.  wliicli  muy 
w  yards  to  1 50  fatlioma,  vdlh 
an  annual  incTcaae,  levels  are  driven,  of  a 
widtli,  mjd  heightt  sufficicat  for  the  passage 
of  a  horse  and  train  of  wftfjgoua.  From 
die  lerela,  headings  ore  driven  to  Uka  rise  of  the  stxatii ;  and  iram  off  botii 
ndes  of  liieee  headings,  the  ore  in  taken  away  by  a  ^^rios  of  e\cnvatiou8, 
altcmating  with  brood  pillars  of  solid  ground,  left  as  a  support  to  the  roof. 
^Q  excaTationa  will  range  about  eight  or  ten  yards  wide ;  the  same  diattmoc 
«part ;  and  sixty  or  eighty  yards  long.  During  llie  opemtion  of  diiTin  g  forward , 
the  ore  is  taken  away,  filled  into  waggnuB,  ajid  sent  up  to  Uie  surface. 

Where  the  work  in  performed  entirely  on  tlie  contract  83-8 tern,  a.s  is  tlie 
essQ  in  nearly  all  Uie  Welsh  works, — the  ainldng  tlic  pit,  driviug  tl^o  levels 
snd  headings,  and  other  procesaca  connceted  witJi  tlie  opening  uf  the  work, 
■fe  undertaken  at  per  yard  deep  or  forward.     Thig  portion  of  the  general 
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aystem  nf  niiniii;?  iuvolves  u  largo  outlay  of  4;apital,  Eiud  ia  tt^chiiically  Imtjwa 
AS  *' dofttl-xvark."  fmjn  hcixi)^  lUiuosl  ejidrelj'  unpraductive:  of  minqial.  Tho 
mimug  tUe  ore,  or  '*  msiiig  l];y  ijiiue."  as  it  ib  )T)^ueraIlr  termed,  is  undertaken 
at  SQ  mudx  *'ptn'  toa"  &.?i  also  [ut"  Uie  Ial>our  juid  horseliire  m  lianling ;  tlie 
wa^f  B  of  pitmrn.,  and  olhti*  opcmtivt's  eiiiplojcd  in  th*  mine :  hc&ce  iKe 
oporatious  iu  tl)^  iiiiuc  resolves  tUeiiiselves  into  tlio^  utteuding  the  "  dt^aJi- 
work,"  aud  those  appcrtaiiiiiig  to  " nuidng  the  mine."  In  a  wcllre^iiLittid 
mines  the  dciid-woi'k  is  pix^seculed  at  a  late  that]  cusni'cs,  at  all  times  duiiuj^ 
the  coiitiiiiiftDti^  of  the  wok'kin^s.  ampk  room  in  die  beudings  fur  tlie  miliar 
to  comnjiuitp  new  oxcuvationR,  aa  otkers  are  worked  out. 

Wliiio  driving  Uie  cxcavalion,  or,  ns  it  itii  teciuucnUj  railed^  "  ttaii,"  tlMS 
iiiiuor  supports  tlio  i*oof  in  Lis  iuuuL'tliate  \iciiiitj'  vrith  Btout  wooden  projis; 
tUcsQ  oiv  guntrally  larchj  or  firpoles,  mrjTiig  in  <liamet^r  up  to  tTrclve 
iuuhe^  ;  occasiuiiaily  tiiso  witli  "  ntowz"  a  moiety  of  Qio  niljbish  produced  in 
Llift  e^cftviitioii  iu  liJB  rear,  leaving  only  n.  flui&ciL-iit  roadway  for  deliveriiij^  tbe 
wagyoiiB.  If  tlic  root'  be  good— lliat  is  to  say,  nut  lialjlo  to  full — ^and  if  tir- 
furastunoifs  vuiTiiTit  hucIi  \\  com^fj  of  action :  tlie  miner,  on  Lompleting  liis 
sbill,  proeeels  lo  draiv  Ijacfc  tlie  pillar,  or  so  mnch  of  it  elb  can  be  ^ely 
^vTouylit;  lyrtvitig  a  Eiiiiill  solid  block  adjoining  llie  lic^adlDg  for  keeping  tLe 
Iftttor  open  to  the  proper  extent.  ^Vlien^  howevci-t  tho  excavation  enibraeea  & 
lioooud  band  of  oio,  mlh  on  intervening  stnUinu  of  shale,  but  yood  roof  over 
all,  a  BomeTTliat  different  Bvstem  \&  pursued.  The  lowest  band  is  then  wrouifht 
firfit,  and  tfao  supcriuLunubcTiL  mass  propped  up,  until  tlie  extremity  of  tiiA 
excfivation  ie  reached ;  ivlicu  a  process  termed  *^  ripping  back/'^-ivhich  consists 
in  knackiug'  out  the  props,  and  allowing  the  nppcrbaud  to  fall, — ^is  perfonnod. 
This  'lA  an  opornliou  of  considerable  danger  to  tho  minor^  who  is  too  ofllvn 
ciiught  in  his  retreat  hy  portious  of  liio  falling  gtcutuni. 

When  a  mine  id  oiwued  on  stiictly  workmanlike  piinoiplcB,  the  botl^^ 
MS  left  uiuvorVoi!,  uutil  tiie  abondonmeut  of  the  pit,  with  the  csoeptioa  of 
driving  tho  £ieces!5tuy  loAck  and  airways,  tlje  object  being  to  keep  it  in  an 
cllicient  state  until  the  area  enibiaced  by  it  is  wrought  out  a  con£iidcrable 
hiVrtdUi  aroiuiil.  Tliis  broadUi  of  unworkcd  ground  is  left  st&nding  as  a  support 
for  tho  pit,  atid  tj  prevent  imnoci^saary  strain  being  throHTi  on  the  a4lja*Jont 
lovols.  In  casee  where,  from  cupidity,  or  want  of  akJH,  such  a  pro>-tsioii  Laa 
been  omitted,  tho  Ejinldrg  of  Uie  strata,  or  tlie  ^rithd^a^\^3ll  of  the  ore,  scarcely 
over  fails  to  fnish  the  leveb*,  and  to  seriously  injui-e  tlio  pit. 

The  mode  of  nunin^  ore  "by  pillar  aiid  st^"  h»  exhibited  in  the  fol* 
lowing  cn^-avlng.  At  iir^t  the  stxill  b  naiTOVc ;  but  as  it  r6ced«a  &om  tbe 
ht^odhig,  it  is  -widonod :  ah'-waya  aie  driven,  and  vi^ntUation  forced,  wbenivet 
tba  atinospbero  Ecenia  stf^ant.  The  dark  shading  iihoTva  the  porlit>QS 
allowed  to  stand  for  tlie  pei-manent  support  uf  the  roof,  wliile  the  UghtJy- 
shadcd  portions  represent  the  parts  di-ai^-n  away  after  comxjlethig  the  siaUa* 

llie  miiiiuf;  of  hn^matito  iu  Cumberland,  Dean  Forest,  and  Coni>%"all,  ia 
conducted  on  similar  principles,  motUfied  to  a  alight  extdnt.  The  ntarlj 
perpendicular  dircetiou  of  the  reins,  necessltateai  in  nearly  every  iufitail^H 
tlie  siuldii;^'  of  piL^.     These  aro  commonly  of  a  smaller  ^c ;  and  iu2teMfl| 
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the  lining  of  walled  mosonrr,  they  are  slrongtheued  by  a  scries  of  timber 
fiwucs  aud  linings.  The  shafts  are  vertical ;  and  the  oblique  maimer  in  which 
the  siuking  cuts  the  line  of  stratificatiuii,  throws  a  grcut  crusliing  stiaiu  on 
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these  frameH,  which  not  uiifi-cquentlj'  collapse,  aud  prevent  a  fuitlior  prosecu- 
tion of  tlic  mine.  At  the  depth  fixed  on.  a  shoii;  cross-cut  is  driven  to  meet 
the  veiii  aud  hori/ontal  IuvcIh  extended  ri«ht  and  left  into  tlic  mass  of  oi*e. 
Hub  usually  occurs  with  a  decree  of  rcjriiliirity  in  the  thickness ;  but  in  the 
Dean  Forest  distiict,  large  deposits  are  occasionally  met  witli,  after  intervals 
of  unproductive  ground.  In  mines  ui  which  the  veins  ijossess  a  considerable 
imdcrlic,  or  de^iation  fi*om  tlic  perpendicular,  the  roof  is  temporarily  kept  up 
It  heavy  timbering,  which  eventually  collapse,  and  render  such  poi-tioiis  of 
the  mine  inaccessible. 

Cleaning  Iron  Ores. 

On  reaching  the  surface,  tlic  earthy  carbonates  of  iion  of  tlic  coal  fonna- 
tions  is  transferred  to  hca]>s,  and  ex]v>scd  to  the  disiiitegratnig  inilneuce  of  the 
atmospherv  for  several  inoutlis.  The  ett'ect  is  seen  l>y  the  separation,  in  a 
loose  and  friable  state,  of  tlic  adhering  clay  shnlo,  h^avi^ig  the  ore  clenn  and 
fit  for  tlie  furnace-yard.  Tliis  siinph*  aud  apparently  iuexj>ensive  mode  of 
chiming  thu  ore  is  singularly  tll'ectivc  ;  it  is,  however,  so  far  objectionable 
that  it  ueccssilates  the  maiutenuiice  of  six  or  eight  niuiiths'  Klock  of  ore  on 
liaud,  which,  oven  Lm  small  works,  absorbs  a  lurgo  capital.  No  otlier  system 
has  yet  been  devised,  tliough  it  is  probable  that  research  AN-iU  eventually 
<liscover  one  not  open  to  this  objection. 

Tito  oolitic  ores  of  l-Vance,  and  tlie  magnetic  oxides  aiul  rich  haimaUtcs 
used  iu  other  places,  also  undergo  a  <'leansing  process  before  admission  to  the 
furnace.  WiUi  the  greatiu*  number,  advantage  is  taken  of  tlie  superior  specilic 
gravity  of  tlic  oi-c  to  cficct  tlie  reiuovnl  of  the  cxti-jineous  matter.  A  lew  of 
die  magnetic  iron-sands  are  eleasied  in  a  manner  veiy  similar  to  that  pursued 
in  the  winnowing  of  com.  The  ha;iiiatitc8,  aud  ores  of  the  primary  fbiinatious 
of  Engkxid,  undergo  no  other  preparation  than  a  partial  hand-picking,  to 
aepuBto  the  largest  masses  of  refuse  matter. 
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CHAPTER  rX. 


rrrBt  csei*  ni  the  jusufactfrb  or  iiw)X, 

Drt  and  chaired  wood  constituted  the  fnel  uniTeisaUy  employed  tmtil  th« 
last  centui^,  whin  Uit*  high  prices  coosequent  on  Uio  growing  Bcarcity  of 
wootU  led  etnelterA  to  nse  for  smelting  purposes  charr&d  uiinoi-a]  fuel  in  the 
high-bt8£t  fumACCS,  Tb«  eucccse  which  foUowed  its  use  in  tliis  department, 
cventniklly  led  to  its  emplojment  in  Fcfining  the  cmde  iron  nnd  in  forging 
it  into  bars.  At  the  present  day  mineral  fuel  is  used  almost  eiclaEivelj 
in  ihe  home  manufacture  ;  the  Kinall  quantity-  of  charcoal  coDRumed  in  the 
manufiicture  of  nail  rod,  and  iron-plate  for  subsequent  thinning,  gradually 
dimlnisUcs ;  while  thi?  quantity  used  in  smelting,  is  Incited  to  that  required 
for  the  annual  production  of  a  few  hundred  tons  in  tlie  Ulverstone  district. 
Imitating  the  example  set  hy  riritish  manuiactuivi*8T  mineral  fnel  has  been 
applied  to  smelLinf^  Eind  bar-iron  makiug  in  France,  nelgimn^  Gcnuany,  Spaiij, 
and  the  United  States  of  Ameiiea ;  nevertholcsst  iu  some  uf  these  eountrie£» 
especially  ^Vmerica^  the  comparative  ckeapncsa  of  wood  compared  ^th  that 
of  mineral  fuel,  is  accji  in  tlio  laiger  number  of  the  works  etill  nsiug  charred 
wood.  Belgiuu)  jnanufaetTU'ora  emplciy  mineral  fuel  ahnoates:clusively;  Swe- 
den, Norm'ay,  Russia,  Auatria*  nod  Italy,  smelt  charcoal-uron  only;  and  the 
some  may  be  eaid  of  Oriental  and  Afjicon  maniiractnrers. 

The  bands  of  coal  in  onr  coal-fields  arc  numerous,  but  at  presentitis  only 
Iho  best  and  thickest  that  are  worked.  Bands  less  than  two  feet  are  not 
\(Touglit,  unksa  ui  conjunction  mth  other  minerals,  aa  ore  and  fireHilay.  With 
the  exhaustion  of  the  fieUts,  atiention  will  doubtless  be  directed  to  these,  and 
eoonomlcnl  methods  of  extraction  devised.  Thick  bonds  of  carbi 
matter^  cfipable  of  yieblinp;  lar|3;e  qmuititics  of  heat  during  combustion,  will 
also  receive  attention,  and  be  applied  to  UEcfitl  purposes. 

The  manner  in  which  Uie  ore.  fiicl,  nud  flux  i^euerally  occur  m  tJie  larger 
conl-fiekla  of  this  counti-y,  is  well  exemplified  by  a  sectional  sketch  of  a  portion. 


t 


SsetitA  of  port  of  th«  Boath  'W*1e«  Minenl  Bada, 

of  i\\e  northern  outcrop  of  the  South  Wales  Geld.  In  the  nccompan>'ing  angtar- 
Ing  a  coniiidorabJe  tliickness  of  millstone  grit,  shale,  impure  coal,  and  orea* 
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interveue  between  the  irou-cre  measures,  and  the  great  deposit  of  uiouutuin 
limestone ;  but  the  geutlo  inclination  of  the  strata  in  this  region  (tlie  fall  being 
about  I  in  12  horizontal),  aided  by  the  hilly  character  of  the  country,  causes 
the  lowest  stratum  of  limestone  to  appear  at  tlie  surface,  ^itliin  a  mile  or  two 
of  the  appearance  of  tlie  main  deposits  of  ore  and  fiicl. 

Coal-miuing  is  prosecuted  in  a  manner  very  similar  to  the  extraction  of  the 
inm  ores  of  tlie  same  dibtrict.  In  Soutli  AVales  a  considei-ablo  quantity'  is  derived 
from  open  workingR,  or  quon-ies,  and  in  a  few  other  locaUtics  limited  quantities 
are  thus  obtained.  It  is,  however,  from  deep  subten-anenn  excavations  that  tlic 
chief  amount  of  miikeral  fuel  of  tliis  couutiy  is  derived.  The  method  of  sink- 
ing the  pits,  the  adaptation  of  steam- eiigineH,  tlic  npparntus  for  pumping  and 
vinding  the  ca^es,  guides,  and  waggons,  have  been  uheady  described ;  tlie 
operations  of  driving  tlie  levels  and  headings,  and  the  opening  of  the  oblon;* 
excavationa  called,  in  the  Welsh  distiicts,  stnlh^  is  conducted  in  nearly  tlic 
same  manner,  whether  tlie  miueral  sought  be  ii\)n-oro  or  cool.  In  the  South 
Staffordshire,  and  otlier  districts,  the  system  pursued  in  the  opening  of  tlie 
vork  at  bottom  is  Klightly  diilerent,  the  result  of  pecuhoiities  in  the  scveml 
fields  as  well  as  loc4il  customs ;  but  it  ma}-  be  remarked,  that  extraction  ^rithout 
breaking,  and  at  tlie  cheapest  rate,  is  the  object  wliich  deteiiuincs  the  procesis 
to  be  followed  in  working  tlie  several  bunds. 

Several  of  the  coals  yield  largo  quantities  of  inflnmmable  gas,  to  dilute  or 
dissipate  wliich  special  ventilating  iwwers  are  required.  The  irun-orc  miner 
ia  seldom  incominotled  by  impure  air ;  and  a  small  vcnLilativc  a])]}aratus 
soffices  for  an  extensive  aiicn. 

Cok'ui'j  CfHil,  and  CoPe  Mamifaeture. 

Mineral  fuel  is  composed  essentially'  of  gaseous  and  solid  substonccs  in 
Tuyjng  proportions.  In  the  best  and  purest  siKcimcns,  tlic  portinu  capabhi 
of  fonning  gaseous  compounds  with  oxygen,  or  of  existing  naturally  as  a  gas, 
forms  U8  or  yi)  per  cent,  of  tlie  weight;  other  siiccuuens  yield  IJ  or  10  per 
cent,  of  solid  eartliy  substances,  which  remain  as  ashes.  A  few  contain  \xy 
snd  20  per  cent,  of  ashes ;  but  sucli  varieties  nre  not  extensively  mined,  and 
At  present  only  possess  value  in  the  absence  of  others  containing  a  greater  pro- 
portion of  gases.  The  ashes  of  coals  vai-y  in  the  elements ;  tlieir  relative 
proportions  in  di/Tcrcait  districts  being  inlluenced  in  a  degree  by  tlio  character 
of  the  surrounding  strata.  The  gaseous  constituents  of  coal,  so  ftir  lis  ana- 
lysis has  determined,  are  uniform  in  mmiber,  but  vui-y  greatly  in  tlieir  ivlativc 
proportions. 

Common  pit-coal  contains,  as  constituents  capable  of  entering  into  gaseous 
eombination,  carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur.  Carbon 
forms  tlic  principal  ingredient  in  the  combustible  value  of  coal.  Tlie  purest 
■ntltracite  of  Soutli  Wales  and  Pennsylvania  contain  SiH  or  0:)  per  cent. 
Other  coals  of  a  weak  bitmuiuouH  character,  such  as  tlic  Dean  Torast  and 
Somersctsldro,  yield  00  or  0:1  per  cent. ;  between  tliese  two  extremes  are 
found  the  cools  known  as  cubical,  reedy,  caking,  clod,  cherry,  splint,  and 
cannel — ^names  too  often  used  indiscriminately,  without  reference  to  chemical 
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composition,  or  other  sutticieiitly  distinguisliing  peculiarity.  The  hydrogen, 
uitroj'oii,  and  oxyj^cai,  occur  in  vaiyiug  "proportions — the  former  in  some  coals 
to  5  ur  0  per  cent. ;  nitrogen  2  ;  and  oxygen  np  to  18  or  20  per  cent. 

StilpUur  is  u  constituent  to  the  extent  of  3  per  cent,  in  some  coals,  but  the 
larger  number  contain  from  1  to  1^-  per  cent.,  while  a  vcr^'  few  yield  less. 
The  presence  of  this  s'lhslance  id  prejudicial  to  the  use  of  tlie  coal  in  Rinclt- 
ing  ami  rotining ;  and  when  existing  in  Uio  larger  proportion,  renders  it  alto- 
gether unsuitable  for  the  produ.tiou  of  the  iiner  kinds  of  iron. 

The  ashes  of  coal  consist  frequently  of  siliea,  alumuia,  and  oxide  of  iron, 
willi  minor  quantities  of  lime,  magnesia,  manganese,  pota:>h,  phosphoric  acid, 
and  sulphur.  The  three  first  commonly  couslituto  70  to  80  i>cr  cent,  of  the 
TvliuU- ;  tlieir  presence  exercises  no  injurious  eflcct  on  the  qimlity  of  the 
melul :  thu  two  last  enter  to  tlie  amomit  of  1  to  7  per  cent,  and  to  Uiis  extent 
tlic}'  arc  injurious.  Comi)ared,  however,  with  the  sulphur  of  the  fiiel,  and 
phosphoric  a(?i(l  of  the  ores,  the  ashes  c^aitain  oidy  a  very  minute  quantity  of 
deteriorating  mixture,  Uie  eirects  of  which  may  be  safely  neglected  in  practice. 

For  smelting  purposes,  the  amount  of  sulphur  and  ashes  being  similar, 
the  value  of  a  coal  will  be  nearly  proiwrtional  to  the  amoxuit  of  carbon.  For 
tlic  blast  and  reliuing  fiuiiaces.  coke  was  formerly  the  only  stute  in  which  coal 
aibiiilted  of  being  turned  to  account ;  and  even  now  it  is  probable  that  more 
than  half  tlie  total  quinitity  of  IJritish  manufactured  iron  is  so  prepared. 
The  Coking  of  coal  is  oualogous  to  the  chamng  of  wood,  and  is  conducted  in 
a  similar  manner,  cither  on  the  open  ground,  or  in  close  vessi'ls.  An  essen- 
tial condition  in  forming  coke  is.  (hat  the  coal  swells  on  being  heated,  and 
chaugt's  into  invgular.  spong\*  massey,  which  asUiere  intimately  together ; 
tlms  protluuing  a  material  free  from  sulxihur  and  hydi'ogen,  and  which  is  not 
idtered  by  heat. 

Coking  in  the  open  air  is  commenced  by  levelling  a  diy  sandy  surface  of 
twejit\-  or  thii-ty  yards  diameter,  and  building  in  a  rough  manner  in  the 
centre  a  dwarf  brick  chimney,  with  apci*turos  and  open  joints  at  the  bottom; 
lU'onud  this  a  stratum  of  large  coals  is  loosely  jdaced,  and  on  tliesc,  other 
coals,  till  a  civcubir  mound,  thirty  in  thirty-iivc  foot  diameter,  and  of  the 
height  of  the  central  chiniiicy,  is  fonncd.  When  coal  aboimds  in  sulphur, 
however,  as  wull  as  bitmnon  and  water,  tlie  best  mode  of  coking  is 
in  rows,  or  elaiups;  the  Icngtli  of  such  rows  may  be  from  twenty  to 
a  himiUcd  feet,  but  in  width  they  must  not  cxctcd  twelve.  Fire  is 
applied  to  those  masses,  tmd  a  i>avtiul  combustion  maintained  bj'  the 
indraught  of  the  chimney.  "When  the  cutiio  mass  is  ignited,  the  lower 
])ortions  arc  covereil  with  a  thick  stratmn  of  dust  fiom  other  coldngs,  which 
ox>ei'ation  is  continued  to  tlie  centre ;  tlius  cutting  oft'  the  further  admission 
of  air,  and  concenbating  tho  heat  ah-eady  yicLled  to  the  expulsion  of  tiie 
volatile  gases.  The  process  of  covering  is  continued,  any  broken  part  being 
immediately  repaired,  imtil  the  mass  has  cooled  do«ii.  when  it  is  opened,  and 
the  coke,  now  cohering  in  a  mass,  dug  out,  and  vvlu-eled  to  the  smelting 
furnaces. 

It  may  be  obsen-cd  tliat  coke  is  an  exceedingly  liygroscopic  substance. 
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absorbiug  watci-  to  llio  iiinouut  of  .'m)  to  iH)  [kt  coiit.  iiicrou.>o  t<i"  v.-i.i;^'lit  in  ;l 
single  night:  it  Bhould  tlieroforo  be  ciircfiilly  protected  IVuiu  the  wcJitJio:*, 
otherwiso  the  iron  fiised  witli  it  ^vill  bo  much  dctcriomtcd. 

The  yield  of  coke  from  a  giveii  n'ci^lit  of  co:il  apx)Cftrs  to  ho  mniiHy 
dependent,  vfheu  tlic  process  has  been  well  couducted,  ou  the  ciri^dniil  quaii- 
titv  of  carl  on ;  the  richest  give  88  to  90,  aud  the  poorest  coids  10  to  4.'>  per 
cent  of  coko. 

The  use  of  close  vessels  in  coking  has  lai'gcly  increased  of  late  years. 
They  may  bo  divided  into  two 
classes — biick  furnaces  or  ovens ; 
and  hermetically  sealed  retorts. 
Brick  ovens  are  variously  con- 
structed— circular,  oval,  square, 
and  rectangular  on  the  plan,  witli 
•ichcd  or  domed  roof,  and  witli 
or  without  macliincry  for  dis- 
charging. The  curenlor  form,  of 
which  a  section  is  given  in  tlio 
accompanying  engraving,  is  used 
to  a  eousidcrablo  extent  in  cok- 
ing small  coals  of  a  bituminouH 
d^rocter .  The  interior  ch  amber 
is  lined  throughout  with  firebrick, 

and  strongly  bound  \iith  iron  hoops  on  the  outride  to  resist  llio  tlinist  of  tlio 
roof.  A  short  chimne^^  sometimes  cairyiiig  a  damper,  rises  from  tlie  centre 
of  the  dome  ;  communicating  \nth  tlic  interior  arc  two  doors,  two  foct  square, 
through  wliirh  tlio  coiUs  are  chnrf;od  and  discharged. 

The  process  is  conducted  by  lighting  a  iire  on  the  floor  of  the  oven,  and 
charging  into  it  thi*ce  or  four  tons  of  coals,  or  until  about  tlirce- fifths  full, 
allowing  a  free  admission  of  air  till  the  whole  is  in  an  incandescent  state. 
Tins  is  accelerated  by  the  draught  of  tlie  chinin(!y.  When  tlie  int<a'ior  is  at 
afiiUred  heat,  the  further  admission  of  air  is  provcjitcd  by  scaling  up  the 
doors.  It  is  now  left  a  few  hours,  occasionally  inspected  through  a  small 
hole  in  tlie  door,  until  the  falling  off  in  the  osca]>e  of  gas  from  the  cliinmcy 
intlicates  the  completion  of  the  process.  The  doors  ai-c  now  opened,  and  tlio 
red-hot  coke  dranii  by  bars  and  hooks  on  to  the  iloor  of  the  coke  yai-d.  In 
rccommeucuig  the  process,  tlio  heat  commmiicated  to  the  brick-work  hj'  tlio 
partial  combustion  of  the  previous  cliargc  matoriolly  assists  in  the  rapid 
disengagement  of  gas,  and  renders  the  hghting  of  a  second  firo  unnecessary. 

IVobably  the  most  objectionable  part  of  tlie  coking  in  ovens  is  seen  in  the 
universal  use  or  abuse  of  water  in  cooUng  the  ixisulting  red  hot  coke.  The 
entire  process  occujucs  only  twenty  or  twenty-fonr  hours,  and  immediately  a 
charge  is  drawn  it  is  reqiured  to  bo  removed  out  of  tlio  way  of  operations. 
Water  is  applied  in  torrents,  saturating  the  eol^c.  an<l  entailing  evils  of  the 
first  magnitude  in  the  economical  working  of  the  sinelting-fnmaco.  Coke 
thus  cooled  frequently  contains  30  to  35  per  cent,  of  'neater. 
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Coking  h\  retorts,  rs  piti^ucd  in  the  mouufactiue  of  gaa  for  ligUttng  pur- 
poses, is  Q  fipeciea  of  (listiilation  in  wliich  the  bent  reqtiired  for  volfltilizing 
tlic  lighter  gn&cs,  ie  derived  fi'om  fuel  horut  oiiLslde  the  reltirt.  Tlie  e^cpukiou 
of  the  j^aea,  BJid  pn>ductioii  of  a.  soiuid  coke,  ahAorhs  a  quiinlit^-  of  beat,  iu 
ivhuttiver  way  tlie  coking  may  be  performed.  %Vill»  the  mnjorit)'  of  coak,  the 
f^naea  thus  exiJcUed  have  a  cftloiitic  value  grcBter  tliaii  die  hetit  expended  in 
their  8epttrfttioii.  The  distillntion  in  close  retorts  is  invaiialdy  doHe  lyitli  li 
Ndew  to  the  utih/.atiou  of  the  ga^es  evolved  ;  and  tlie  process  is  prosecttted  so 
long  OS  the  coal  yields  gas,  without  reference  to  tiie  quiility  or  rjiuiLittiLy  of  tin) 
resulting  coke.  Heace  gas-coke  is  held  to  be  of  inferior  qitKbtj-,  nud  is 
seldom  uued  iu  smelting. 

Li  open-ftir  culdng.  n  partial  cmnbiislion  of  the  fuel  is  pennitted  to  gww- 
itLte  siiiUcicut  calorie  fur  the  rei|uiremetits  of  tlie  prooeiss ;  if  aucccssfullj 
perfortued.  the  qtmntity  IJiub  consumed  will  not  be  greatly  in  excf^as  of  the 
heftt  rmid*?n*d  Intent.  The  use  of  ovens  is  uttendt'd  wiih  n  diminished  f^n* 
Kiunptiou,  inasrimch  us  tlie  briok-work  reduces  Uia  miKiuiit  of  radiwtion  to  th« 
Barroiiudiiig  atnioi*phei¥.  and  nets  iw?  a  etoiH;  of  hcnt  frtmi  one  clmrg*  to 
anotlier.  An  iidviLtitii*?e  of  tliis  kind,  however,  mo-y  he  more  tUuu  comiter- 
bahiinc^jd  through  iimttention  to  otlier  points. 

The  bulk  of  tht!  coke  ohtiiined  is  larpjer  thiwi  tliak  of  tlie  cool  used; 
inoreHso  of  volumo  VAryiiig  with  tlie  amomit  of  volfttilc  couistitneuts,  and 
mode  in  which  tlio  operation  is  conducted.    Coals  coiitiiiniug  tmich  hydraj?- 
and  oxy^'en,  cxpund  considerably;  -vvhik  thoKe  having  the  hirge^t  qituutity 
carboiL  undergo  but  a  euiidl  itiL-rease.     If  couls  of  tht?  former  da««  bo  jtlaced 
iti  a  red-hot  voHsel,  Mid  llie  opemtion  prosecuted  at  a  bright  red  bent,  the 
vesultin^  eoke  occupies  ii  spacve  tn-icj^  fis  great  as  Uiat  i>f  ttic  onguial  ccati^| 
Tbig  bulky  coke,  howover,  contiiins  ID  to  'id  per  t'ent.  less  curbon  thnn  i^^ 
would  have  contained  if  coked  slowly  at  the  kwest  heat  compfttihlo  with 
perfect  carbonization. 

Wood  tdmnin];;^  is  conducted  in  a  manner  similar  to  tliat  pursued  wit! 
opew  cokinp  of  mineral  fueb     Til©  short  hiUets  or  litgs  of  wood  arc  plnced 
an  inchucd  direction  tirouud  a  centre  poi^t  tt)  fomi  a  cireubir  htsttp.  whidi  i 
covered  wiili  diips,   k'uves,   and   a  thick   coaUng  of  hreexe  from   form 
charriii^'a.     Fire  is  miplied  to  the  heap,  and  a  smotbored  coiuhnstiou  mi 
lained  until  the  whole  bos  ignited,  whtsn  furUier  aucefts  of  air  is  prevented  b; 
additional  roverings  of  dust,  and  tJio  pile  is  allowed  to  cool.  At  other  liiu^s,  tli 
wood  IH  piled  in  lon^itudiuiLl  hcapt^,  ono  end  of  which  is  covered  and  fi 
wliilG  L|]<3   other  is  bein^  extended  by  tlio  addition  of  frtsh  b)^.     In  t 
manner  iliu  procej^ti  may  l^e  seen  in  e^intinuoi^  operation ;  Uie  getting, 
and  dnnnn^'  g*>ing  t>n  fiiiaultanK>usly. 

Hard  wcHvl  lujs',  twelve  luontlis  cut,  \ielded  fifty-five  per  cent,  of  wcwjjy 
fibre,  lifter  biiviiig  been  diied  nt  400"  I'\     ClLan*ed  in  a  cIo&q  vessel  wiUioiU 
eutranue  of  air*  the  coal  produced  pave  twenty  to  twenty-iive  per  eeut,  of 
origiaal  weight  of  tJie  wood.     Willi  pine  and  other  soft  woods,  the  yield 
coaJ  varitis  from  ton  to  eighteen  p&r  cent.     Oiik,  beech,  jnahogajiyt  Ugnum* 
vita*,  !iTii1  hftrd  woods  frenerally,  yield  the  best  coals  tor  Kincltin>.'. 
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A  qaantity  of  charred  wood  is  obtained  in  the  distillation  of  pyroligncous 
acid.  The  green  wood  is  placed  in  iron  i-etorts  and  submitted  to  a  high  tem- 
peratore  for  twenty-four  hours,  when  the  carbonization  of  the  wood  is  com- 
plete. A  charge  of  beech  yields  forty-five  per  cent,  of  wood  vincgtir,  eight  per 
cent,  of  combustible  oil,  and  twenty-two  of  charcoal,  sliowing  a  loss  of  twenty- 
fire  per  cent.,  probably  due  to  moisture.  The  soil  on  which  the  tunber  grew 
appears  to  affect  the  quahty  and  quantity  of  the  products,  equally  ^nth  the 
land  of  wood  employed.  Timber  grown  slowly  on  a  dry  soil  fields  tlic  largest 
quantity  of  liquid  products,  as  well  as  a  maxiiunm  of  charcoal.  1;  ur  smelting 
poiposefl,  however,  wood-charcoal  prepared  in  tliis  manner  is  held  to  bo 
greatly  inferior  to  that  prepared  in  open  mounds. 

Fluxen  uted  in  the  SmcUimj  Furnace. 

The  iron  ores  smelted  in  England  coutiun,  for  tliu  most  part,  considerable 
qnantitiea  of  sihcious  and  aluminous  earths,  and  requu'o  tlio  addition  of  a 
thin  substance  to  form  a  readily  fusible  compoiuid,  incapable  at  high  tomper- 
atores  of  holding  any  considerable  quantity  of  iron  m  solution.  Limestone 
forms  the  cheapest  material,  and  is  used  for  tlte  purpose  whenever  attainable. 
The  mountain  limestone  of  the  carboniforotis  era  is  preferable  to  others : 
immense  beds  of  it  are  composed  of  nearly  pure  carbonate  of  Umc.  At  its 
northern  outcrop,  the  South  Wales  deposit  frequently  contains  ninety-eight 
per  cent,  of  carbonate  of  lime,  with  very  small  quantities  of  silica,  carbonate 
of  magnesia,  sulphate  of  lime,  and  oxide  of  iron. 

Chalk  forms  an  excellent  flux :  and  where  obtainable  in  suflicieut  quantity 
at  a  cheap  rate,  is  sometimes  used  instead  of  luuestone.  It  may  be  desolated 
as  R  friable  carbonate  of  lune,  mixed  with  a  very  smuU  amoimt  of  sihca  and 
oxide  of  iron. 

OyBtershella  have  been  recommended  by  one  author,  as  a  suitable  flux 
in  smelting  furnaces.  Containing  a  large  pcr-ceutago  of  i)hosphtttc  of  lime, 
as  well  as  water  in  the  state  of  an  hydrate,  the}'  foi-m  about  tlie  worst  material 
which  it  is  possible  to  adopt.  The  water  may  be  cxjKslled  at  a  high  heat,  but 
the  phosphate  remains,  to  the  injury  of  tlie  11*011. 

Calcination  of  the  limestone  is  frequently  performed  previous  to  hitroduc- 
ing  it  into  tlie  ftimace,  with  a  decided  adv'antage  iutlio  quality  of  the  product 
and  yield  of  fuel.  To  analyse  the  advantage,  however,  is  a  matter  of  some 
difficulty.  Caustic  lime  is  a  very  hygroscopic  substance ;  it  absorbs  moisture 
ftom  the  atmosphere  witli  great  rapidity,  and  passes  into  an  liydnite  in  a  few 
hours.  Hence  it  is  absolutely  necessary  to  keep  it  xit^^f^t^tly  diy,  and  to 
remoTO  it  from  the  calcining  kiln  only  as  required  for  tilling  into  tlie  blast 
fonuce. 
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t:;i:  '-.\j.:is\z::'S  and  smeltin'j  of  ir.ox  ones. 

C.iT.ciNATi'-y  of  ir-n  «'r-?  \<  pvrfinn?d  cither  in  liilns  or  in  the  open  nir.  TI:c 
earthy  carl'Xi  !>%  .'ft].>  -r  >al  meftsarC]=i,  luid  the  carbciDfttcs  of  the  primiuy 
f'.nT.i.iti>:(>.  nr-.>  u=:;:tliv  i^tnlimitted  lo  this  preliraiiuiTT  opemiiou.  Some 
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SrL-t:<->n  ot  (.'ulcinin^  Kiln. 

ficc-^nipanyiug  section  of  a  ca!- 


r-fiLt,  i:ts  iiit  >  ill'*  cavity  oi'llioliihi. 

Thr«i!  ari*aii.L''!i»t.uts  arc  host  soon  hy  t'kc 

ciiiin'/  kilii. 

In  cdinintnriii'jj  (ipfTati<inR  viih  n  now  Iciiii.  a  firo  is  lijrhtcd  en  tho  floor, 
and  Avhi'n  in  full  i^^niition  ia oovorod  with  a  qnantiiy  of  mv.  Other  fiul is noTC 
ftdih.'d  al.iii^'  with  siw<'i'*i«iivt;  strata  of  tlic  ovo,  nntil  tlie  interior  i.^  Iilli.il  with 
ij,'niti.'d  fui  1  uiid  oiv.  Aotivo  oonihustiun  is  nniiiituimd  at  tup.  whi-ro  the  ore 
is  suhjocl'.'d  ti)  a  liiuii  toniyif  nttnio,  fjmdually  (hciTasiit'r  in  its  dosoi  lit  to  the 
dischar^'inj;  aiK-iliiri'.  If  tho  iii^mtion  hionnliiiiunis.asis  ;.'onorallytho  case, 
the  kiln  nijuin's  to  ho  filli-d  ro;,'ularly  and  ovonly  ovor  its  entire  area,  \^ith 
due  atlontiuii  t.i  tho  strntilioiitinn  of  tlio  ore  niul  furl.  Ifthe  fuolheUlrow^lon 
irre<(u!arly,  a  i>»)iiicin  of  tho  oro  in  not  ihoroujjhly  calciiu-d  ;  if  thrown  on  in  ex- 
cess, not  only  is  fiud  wasted,  l)ut  the  cakininj:  powor  of  the  Idhi  is  diminished. 
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It  is  necessary  also  that  there  should  be  cousidorablo  unifurmitj  in  the  dimen- 
sions of  the  pieces,  otherwise  the  resulting  ore  will  be  more  or  loss  imperfectly 
calcined.  To  ensure  successful  results,  the  operation  demands  imrcinitting 
tttcntion  throughout 

The  process  of  calcination  in  the  open  air,  as  pursued  in  scvcml  districts, 
is  rude,  expensivo,  and  incomplete.  Ore  is  first  tlxrowu  on  a  levelled  spatrc : 
D^t  a  quantity  of  fiiel  is  added;  then  more  ore  and  fuel  altematoly,  luitil  a 
luge  heap  is  formed.  It  is  now  ignited*  and  tlie  whole  allowed  to  bum  until 
the  fuel  is  consumed.  The  cooled  mass  is  dug  over,  and  tlie  calcined  ore 
wheeled  to  the  blast-fnruace ;  wliile  such  portions  as  are  imperfectly  done  arc 
placed  aside  for  a  second  operation. 

The  perfect  calcination  of  the  ore  results  in  the  expulsion  of  its  volatile 
constituents,  and  tlie  conversion  of  protoxide  into  peroxide  of  iron,  if  protoxide 
exist  in  the  original  ore.  The  volatile  substances  comprise  carbonic  acid, 
water,  sulphur,  and  organic  matter.  In  tlie  earthy  carbonates,  the  carbonic  acid 
forms  about  tlirce-tcuths  of  the  weight  of  the  ore ;  ite  complete  expulsion,  tlicre- 
forc,  is  deemed  a  matter  of  essential  importance.  Tlie  amount  of  water  varies 
with  the  character  of  the  ore :  the  hydrated  liivmatites  of  the  oohtic  formations 
contain  12  to  10  per  c«nt. ;  tlie  hicmatitcs  of  Cnmborlaud,  Dean  Forest,  and 
Cornwall,  5  to  10;  while  the  eartliy  carbonates  of  tlio  ooal-ineasures.  range 
from  2  to  5  per  cent.  To  expel  tlio  entire  quantity  of  water  chemically  com- 
bined, as  well  as  such  as  exists  ui  the  hygroscopic  condition,  tlic  ore  requires 
to  be  heated  to  a  low  redness.  The  ami>uut  of  sul}>liur  is  generally  small,  and 
is  only  partially  oxidized  during  the  prucess.  Carbonaceous  ore,  such  as  the 
(black  band)  ores  of  Scutloud,  also  lose,  by  comlinstion.  a  large  amount  of 
eoally  matter.  From  these  several  causes  tho  loss  of  weight  by  calcination 
it  largo — in  some  varieties  amounting  to  nearly  00  per  cent. 

Dazing  calcination,  tlie  ore  gradually  loses  its  bluish-gray  colour ;  at  first 
it  deepens,  until  a  bluish  black  is  attained;  tlie  latter,  in  its  turn,  gradually 
disappears,  and  gives  place  to  a  reddish-brown. 

If  a  laz^im]}erfcctly  calcined  nodule  &om  tho  coal-measures  be  broken, 
die  cater  portion  displays  the  reddish-brown  tint,  gradually'  passing  through 
abladdsh  colour  into  tlie  original  blnish-gray  at  tlie  centre.  In  this  control 
portion,  yet  unacted  upon  by  the  fire,  the  iron  is  in  its  original  state  of  car- 
bonate of  the  protoxide  :  tlio  blackish  portion  contains  the  niet^tl  as  tlic  mag- 
netic oxide,  while  the  outer  portion  has  been  thoroughly  peroxidi/cd.  Tlic 
apuhdon  of  tho  carbonic  acid,  and  the  oxidation  of  the  ore  to  tlio  state  of 
Biaf^netic  osddc,  is  effected  at  a  comparatively  low  temperature ;  but  tlic  further 
i^ad  oxidation  of  tho  ore  to  the  condition  of  peroxide,  appears  to  requu'C  a 
bi^  temperature — one  approaching  that  of  the  blast-furnace. 

As  a  general  rule,  ores  of  tho  same  formation  are  best  calcined  together, 
m  prefiorenco  to  an  admixture  witli  ores  from  otlicr  formations.  If  a  partiim- 
br  ore  should  contain  much  sulphuret,  it  ought  to  be  treated  by  itself,  lest 
the  Bolphorons  acid  produced  should  contaminate  ores  which  are  cleaner. 

The  separation  of  tho  sulphur,  when  existing  as  sulphuret  or  bi-sulpliido 
of  iron,  may  bo  greatly  facilitated  by  introducing  a  jet  of  high- pressure  steam 


UtCFUL  MlTALt. 


178 


>[^Ti3oliB  or  fiEticcixa  ma'a  ore. 


to  tlie  ore,  &l(>]if;  witJi  a  Gnfficieticy  of  atmospheric  air  uliile  at  the  liigl 
tempemturo  of  Uie  c&Icining  furnace.    The  suipbnr  pafiis^a  off  aa  suJiphurette&j 
hydrogen,  while  the  metal  remains  oxidized. 


Reiiuction  pf  the  Ore  to  3IttaUu:  Iron. 

This  is  conducted  in  two  ways — first,  bj  detaxidiztng  rich  ores,  at  n  ^iffi- 
ciciitly  Itigh  tc'iiiiiorature  fur  Uie  piirticlea  to  cohere,  &>  as  to  he  incorporated  into 
R  bloom  hj  repealed  JiiLuiiiieiiiL^ — a  modo  lujivcrsallj  followed  ui  one  penud, 
and  elill  pra<:tis£d  bj  uU  seLiii-chiliRid  itiitioua  :  Bcccudly,  by  deoudi/ing 
the  oroa,  and  hy  fusii.}U  along  vdih  a  llux,  i^lierehy  the  metaJ  separates  bv  iU 
sui)enor  spccifit!  pra^dty.  tia  in  liquid  eaatirou — a  process  followed  by  all  n&- 
tiona  manidui^tiiring  coudderablc  quantitic^s  of  iron. 

It  LB  not  improljable  that  the  BmelLing^  appliancefi  of  the  auoi^'nt  Briton 
were  similar  to  those  now  used  by  some  of  thu  motions  of  Ceutxsl  A&ioa,  a» 
rl^acribed  hi  Park's  Iravcls.  The  native  African.  buiJda  a  small  ftuiMicc  of  i^lfir, 
rtbout  llire<f  fi'ot  (liuiut  Ler,  aud  iiiuo  feet  luph^  wattled  around  to  previmt  m 
cracking  to  picfiea  dnrijvp;  tlie  blowing.  Al  the  bottom  it  l&  fuTiiifthed  5\iili  fl 
number  of  aiiiall  otilices,  into  wlikh  clay  tuyere  pipes  ore  fintdy  luf<-d  u-itli 
Uio  same  mattiTiil-  These  pipes  are  formed  around  a  centi*al  core  of  wi>od, 
Htrtini^^thouf d  by  Htripti  of  gms6,  and  <b*ied  in  U»e  sun.  The  bellows.  whi*-h  arw 
nuule  of  ^rontjakiii,  appear  to  be  \i9ed  merely  for  commencing  and  di£:'u!!iii]){ 
the  beat  Uuou^i  tho  fuel,  the  furnace  being  aftentards  urjjed  by  the  gn?Bt 
indrnngbt  of  air  tlirough  tlie  cluy  tuyere-pipea.  Tlie  filling  of  the  huTiac6  a 
conducted  with  comniiL-udable  ivgidarity :  first  a  qiiauttly  of  dry  brushwoodfj 
Uicn  iilt<]nintc  laycre  of  eharcoal  and  broken  oi*e  up  to  the  top,  the  cljorc* 
being  in  o^ct'ss.  As  tlie  charge  descends,  fju~Lber  quantitieH  of  charcoAl 
added  imljl  tJit;  end  of  the  tliiid  day,  wlien  the  tuyere  pipes  me  witbd»i 
and  the  air  allowed  free  aeccss  tu  eixil  tlie  fniTiuce.  Wheii  tpiite  cald,  part 
the  frotit  of  the  fumace  is  removed,  and  tho  reduced  metal  which  had  ac 
lUttiated  at  the  bottom  Uikcu  out,  • 

Tho  ore  used  iu   this  primitive  fumaCQ  appears  to  be  a  nearly  pi 
peroxide  of  iron ;  from  wliii-h  circumsiancc,  and  tlie  purity  of  the  chi 
itaed,  the  resulting  mass  has  Uttle  cmder  adhering  to  it.    Exptiscd  also 
tlje  deoxidizjJig  iuUucuro  of  numerous  eunents  of  lur^  it  ji<M*tJdc*s  of 
cluiracter  of  stecit  and  requires  repeated  forginga  to  fashiuu  it  into  ortit'lds 
utility. 

The  Hottentots  of  Southern  AMca  manufacture  small  quantities  of  il 
for  &,faneatiou  into  thdr  rude  inatnuneiits  of  worfEhre.  Their  fumaoe  is 
corneal  fonUp  built  of  a  rluy  wliich  becomes  extremely  hard  and  rcfractciry 
burning ;  an  opeuiug  m  luft  at  tliu  top,  for  the  adimafiou  of  the  ore  and  fuel,  and 
BBcape  of  tbe  gaeu^,  uud  oUier  apcninga  occur  at  bottom  for  tho  iusextion  of 
clay  noijdle  of  the  nide  beilowa,  mnde  of  goatskin.  These  are  worked  by  all 
ntttelydiBtciidinp  aud  compves^uig  iJiem  by  the  hand.  Tlie  ore  e^Iph^ved  is 
nvh  oxide,  with  wliich  the  fm^aeo  is  suppUcd  along  with  charcoal  fuel,  luidl  a 
fiUffideut  quantity  of  mclal  has  accumulated.     When  the  operation  has  tar^ 
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miiuted,  a  lamp  of  metal  of  a  pasty  cousisteuce  is  extracted  from  the  heoi-th, 
and  converted  to  its  purpose  with  immense  labour. 

The  nations  of  India  have  for  a  very  loiitr  period  been  in  the  habit  of 
oneltiug  cast-iron.  Those  resident  in  tlie  southern  part  of  the  continent,  use 
Buall  fiimaces  about  five  Caet  high  by  tn'o  feet  ^\ide  in  their  largest  diameter. 
The  material  is  well-tempered  clay,  which  appears  to  withstand  the  action  of 
the  fire,  equally  well  with  tlie  best  English  fire-clay.  Bellows  fur  supplj-ing  tho 
bkst,  ore  made  of  a  pair  of  goatskins,  which  deliver  the  air  into  a  clay  tuyere- 
pipe,  the  point  of  wliich  projects  considerably  into  tho  furnace.  iVfter  imder- 
l^g  a  slight  drying  in  the  suu,  tlic  furnace  is  partially  iilled  with  chorooid 
ind  ignited  at  the  bottom.  Tho  ore  used  is  the  ningnotic  oxide,  combined 
Kith  variable  proportions  of  quartz,  from  which  it  is  separated  by  pounding 
oud  waahiug ;  it  is  moistened  with  water,  to  pi*cvont  its  t4)o  i-apid  descent 
tmongst  tlie  interstices  left  by  tlic  charcoal,  with  wliich  it  is  cliarged  in 
tegular  rotation.  The  bhmt  is  directed  into  the  furnace  for  a  fuw  hours, 
effecting  the  metallization  of  tlie  ore  with  the  combustion  of  the  fuel ;  Mhcn 
the  process  is  complete.  A  portion  of  tlie  furnace  is  now  taken  doA\*n,  and 
the  cake  of  metal  extracted.  To  scparntc  any  extraneous  matter,  it  is  beaten 
with  mallets  and  cut  into  halves,  tho  better  to  show  its  (jualitj'. 

The  natives  of  the  Hunala^'au  ranges  smelt  small  quantities  of  ore  in 
a  modification  of  tlie  preceding  furnace.  The  height  of  tlie  furnace,  which 
is  bnilt  of  clay,  is  nearly  tlic  same  ns  tlio  southern  furnace,  but  the 
diuQeter  is  only  about  onu-half;  it  is  sup])orted  over  a  fire-place  ui>on 
a  stone  pedestal.  The  magnetic  oxide  of  iron  is  mixed  witli  charcoal 
and  filled  into  the  funiace,  where  it  is  reduced  by  the  alternate  action  of 
tiro  goatskin  bellows,  and  eventually  tapiicd  through  an  oiifice  in  the 
bottom. 

The  Persian  method  of  smelting  difici*s  from  both  African  and  Indian. 
Rich  otes.  of  the  magnetic  oxide  and  red  haematite  classes,  nrc  common  in 
that  country,  whore  the  manu&^uro  wu.s  curiy  cstabhKhcd.  The  lieiu'tli,  in 
vhich  the  reduction  of  the  ore  is  efiectcd,  is  about  15  inches  .square  at  bottom 
bj  12  inches  deep,  and  is  partly  excavated  out  of  tlic  clay  floor  of  tlic  hut  in 
which  the  operation  is  perfonned.  Into  a  cla}'  tuyere-pipe,  built  in  a  low 
wall,  which  forms  one  side  of  the  health,  tlio  nozzle  of  a  pair  of  bellows,  which 
couBtitutc  the  blowuig  api>aratus,  is  uisei-ted.  The  suielting  licartli  is  sepa- 
rated from  a  deeper  and  larger  heartli,  into  which  tlie  <rin(lcr  runs  over  a  dam 
of  powdered  charcoal  and  cinder  from  previous  workings.  The  hearth  is 
covered  with  a  chimney,  passing  Uirough  tlie  roof  of  tho  hut.  In  smelting, 
the  clean  ore,  of  the  size  of  hazel  nuts,  is  filled  into  Uiu  smaller  heaiih,  along 
with  a  due  proportion  of  charcoal.  The  liUuig  of  the  hearth  is  completed 
whh  a  layer  of  charcoal,  and  tlie  reduction  proceciled  witli.  After  igniting 
the  charcoal,  the  bellows  arc  urged  to  tlie  dcUvery  of  a  stream  of  blast  until 
one  Bide  of  the  enclosed  ore  is  thoroughly  deoxidized  and  softened  into  a 
pasty  state,  when  it  is  turned  round  so  as  to  expose  the  otlier  poi'tion  to  the  blast, 
and  the  beUoirs  finally  urged  to  tlieir  ubuost  i)ower.  The  bhwt  is  continued 
fat  about  three  houra,  when  the  charge  of  oro  will  have  been  reduced  to  a 
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Bemi-fliiM  mnss.  At  tbia  stage  llxe  dam  is  ijikeu  ^own,  buJ  the  nia«s  i 
diicfd  ifnii  in  t!ie  hoartb  is  detached  from  the  sidca  and  bottom.  It  ig 
Uftetl  from  the  hearth  on  to  the  floor,  where  it  is  iK^atcu  with  hamnu 
cupel  the  ciudcr  tlmt  mny  have  lodged  iii  the  interstices  of  the  hlooni 
paratory  to  a  more  reguJiLr  hainintring  un  tlie  ftmil.  i 

The  ore — a.  mixtiu'c  of  the  luaguetic  oxide  iind  finest  red  hremsLtita 
cleaned^-contains  iicarlj  70  jwr  cent,  of  mcliil :  hntin  tlic  hearth  the  pn 
itvcrages  only  ;>0  per  cent,  of  finished  hlooms,  with  a  eonauiuplion  ce. 
ehftreoftl  to  1  of  iioii  produced*  The  make  of  heortha  of  this  eize,  am 
to  about  ]0Q  lbs  daih'.  of  il  metul  which  ia  subsequently  couvetted  into 
of  exccUeiit  qimhty. 

The  Catalan  forge*  an  unproved  form  of  the  Persian  low-blBst  fnma 
cotnmon  on  the  Continents  also  in  the  S 
Df  North  Ameiira.  It  consisla  of  a  low 
tion  of  stoneu'ork,  about  seven  feet  sqtiare, 
a  fire-plttce  in  one  comer,  aivmioiinted  i^ 
flue  nnd  hood  similar  to  old-fu^hioncd  id 
fires.  The  fift^'place,  or,  more  properly,  h4 
is  nbotit  twd  feet  sqware  at  top,  and  a 
more  tlian  half  tlmt  depth,  lined  ttith  B 
tory  fire-stone,  cemented  witli  clay,  and  j 
ranged  Hint  damp  may  not  ascend  tt 
bottom  stone.  Tlio  hla^t  ia  protlueed 
pair  of  ponderons  wooden  helhnvs,  driven 
water  wheel,  and  delivering*  the  air  tkrc^ 
conical  tiTj-cre  iron  in  the  back,  RtHlucti 
the  ore  to  a  luehiUic  stntc  is  cffeeted  a 
in  Uie  following  manner  :~-The  hearth  ' 
lined  with  charcoal-dust,  and  the  obMX 
ore  placed  n^ftinst  and  above  the  side  fsrthejit  from  the  blast ;  the  intfl 
ing  space  is  filled  witli  cliarcoal,  which  is  lienped  np  against  the  tnycrt 
to  a.  height  of  two  or  three  feet.  At  first  a  light  stream  of  blast  is  dil 
upon  the  incandescent  fuel ;  when  it  has  been  applied  abont  two  htM 
portion  t>f  tlie  ore  will  linve  Ijecn  reduced  at  the  bottom^  foiming  a 
mafiB  of  Bemiilmd  ii'on ;  eFterwflj-da  a  sEronjger  blaet  is  employed,  au 
nnreduced  portions  hrought  \rithin  its  influence.  In  a  short  time  tho  i] 
completely  reduced^  and  the  cinders  rim  off  through  a.  topping-hole,  la 
the  mass  of  iron  in  the  hearth,  This  is  quickly  lilled  hy  iron  bars  to  hJ 
pofiition  before  the  blasts  tlmt  tlic  intense  beat  1hro>nii  on,  o^lntinftl 
particles  into  a  bloom  of  ten  or  twelve  inches  diameter ;  it  in  then  (ski 
the  hammer,  Bhingledt  and  eventually  converted  ijato  hammered  bin 
into  Btech 

Much  of  the  success  of  this  operation  depends  on  the  skill  of  the  attes 
workman.  The  resulting  metallic  mass  is  composed  of  iron  in  the  M 
stAtes  (by  ebemii.'iil  anittysis)  of  malleRble  iron,  cast-iron,  and  6t«ell 
relative  proportions  are  controlled  hy  the  modo  of  blowing  and  char;^iij 
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irtli.  TMicn  slawly  cwudiicted  ^Aitii  an  okvatod  tuyere,  the  prcidiiction  of  sled 
BCQiiaitlemble  ;  a  more  rapid  rediKtioiL  ptoduc^g  iron  in  larger  quttiitity. 

Tlie  ure  for  use  iu  this  fiimaee  requires  tL>  be  cIcaii  and  coinpftititivc-ly 
&t!C  from  ^xtranvuuB  matt^ra;  ciutLiy  earbounles  and  Ujlo  majority  of  liitr  orua 
prevailing  in  Euij^hiud  cajuiot  be  profitably  rcductid  in  such  fiiruaces.    The 
orea  are  AometifDea  suhjecUed  to  calciiialion^  but  oftimer  used  iu  tiie  raw  state. 
The  BUcayua  furg«  in  very  similor  to  tlie  Catuliui,  a.  ujodilication  uf  which 
Isheie  pveiit  rtijircsentiug  a  high- blriat  furnace, 
where  the  blayt  is  driven,  as  represeuled.  by 
means  of  write  rpower;  A  beitig  Uie  reservoir 
in  -vi'hicii  the  water  id  collected  from  tlie  n*?igh- 
bouring  ketRlita,  G  aiid  F  pipes  tlirou;,di  which 
the  air  is  forced  by  the  fiilUng  water  B,  T  the 
luyere.  ed  a  sectiou  of  Uie  fumaoe,  and  1)  an 
outlet  for  the  wasto  waitr.     It  is,  as  are  all 
furnaces  of  its  class,  nvjiilable  only  in  distriets 
where  wolhI  fuel  is  abundont  and  cheaply  rtn- 
dercd.      The  ore  ia  cukined  nnd  fiifted,  tlje 
smailei'  duat  being  &et  osidtjfor  subsequent  nati 
m   the    opcrutiou.      "When    charged  into   Uic 
hearth,  it  filla  about  one-third  of  the  space  ; 
tlia  reniftining  two-tbirds  being  tilled  wi(h  char- 
coal.    To  solidify  the  ore*  it  ia  covcrtjd  witli 
moifit  cinders  mixed  with  clay.     A  modorato 
blast  ia  kept  up  for  about  tTi'o  hours,  after 
which  it  is  increused  ne  fti"ly  to  f usiou .  The  work- 
men ore  einplovL^dtSome 
in  prcsbing  (Jowii  char- 
coal, AH  the  fonuer  sup- 
ply bnnia  nway.  tlius 
kt'^piug  Ui*3  Ueortli  full, 
and       pre- 
venting t};B 
crumbling 
of  the  ore ; 
others     in 
detaching 

t— ^^^ec"^——  ■  >.  ■     _         _  _  the    piet'09 

the  flidfS, 
placing  Ihcm  in  front  of  the  blaat;  and  hi  regiUatijig  tlie  consistence  of 
;inder  by  Adding  more  or  Xtrn^  uf  the  £nc  BiTtuigEE,  well  watei'cd.to  proveiit 
tleir  blowing  away  with  the  current  of  gaaea.  If  tlie  dntler  is  too  thiti,  i!iB 
ttnantity  of  ore-fiftings  added  is  increased ;  if  too  thick  nud  viscid,  it  is 
.imunished.  Th«  excess  of  cinder  produced  is  permitted  to  tst^apo  through 
EUt  aperture  left  for  the  purpose.     The  operation  lasta  about  six  hum's,  and 


3 


}8%  CHEMICAL  PBtNciPLE*  or  mos  mpUCcT t ON , 

rcsnlte  in  the  procluctiou  of  ft  lump  or  blcxmi  of  iron,  xiirying  frotm  300  to 
■ion  111,  in  TToight,  from  ratlier  more  than  twice  tliis  qitnntjty  of  ore. 

Althoiigli  accustomed  to  look  Ml  tlie  Afiicaii  miJ  Pensian  funinrea  as  nu]c» 
and  impeifect  ftpplimices,  oompored  Tvith  the  high  blast  fumftct?,  tlieir  itorfe- 
iiiy  involves  siinilftr  chemical  cliiin^es ;  great  attention  is  required  to  he  pniiE 
tbroufrhont ;  while  it  must  \ui  ftilftiitu?d  that  the  produfrts  it  yields,  tdt^r  re- 
niflJiufiichii-e,  fti*ethe  finest  htiown  Hamples  of  the  mebtl,  With  tlir  high-blnst 
fiii-Dfice^  iron  is  reduced  iji  large  quanlitiaa,  a.iid  frum  ores  of  ai\  iiifunor  desciip- 
tion ;  but  in  tlje  iVisian  hearth,  tlie  metal  is  reduced  in  a  tenth  of  the  Umo  - 
and  even  this  rapid  rate  of  reduction  is  followed  bj  tlie  production  of  a  re— 
mftrkably  iine  metal.  The  grent  purity  of  the  oro  wrought  in  these  small 
furBncesi,  and  tlie  qunUty  of  the  eharcoal  employed  ns  fuel,  doubtless  operate 
tnticli  in  fiivonr  of  Oie  (luality.  Ytt^  looking  Rt  all  the  circTiniBtances  coanecteA 
with  them,  it  must  be  cnnceaL'd  that  the  natire  Africtm  and  Indian  have,  un- 
BBBisted  hy  science,  attiiiiicd  very  itRpeetnble  pioliciency  in  the  working  of 
iron,  so  far  ns  quality  i^  eonoeiiied. 

The  theor}'  of  the  blooiiiing-fiifnace  is  not  well  Fettled.  If  tL«  ore  he  ft 
hteiaalite,  or  a  magnetic  oxide,  calcined ;  ore  piled  np  on  tlic  hearth  oj»posita 
the  tnyerfl  i^ill  contain  the  iron  in  tlie  state  of  peroxide.  The  oxygen  of  the 
blast  entering  through  th(^  tuyere,  unites  i^'itli  the  carbon,  forming  carbouie 
acid ;  thia  gaa,  some  writen^  mnintain.  is  inimediately  converted  into  carbonic' 
oxide.  Tlio  experiments  or*  this  hrjid  ai'o  verj'  inponcluBivc  i  in  some  cases, 
it  is  elated  that  the  carhoiiin  aciil  oceupiua  a  spnee  of  two  or  three  feet  from 
Uu>  entj-ftiieo  of  tlio  air ;  in  cithers^  that  il  in  only  the  Eame  nuiuber  of  incheB. 
"Without  stopping  to  sr[iccnlate  as  to  the  esact  distance  to  wliich  it  txtenda,  it 
may  be  reiunrked  tljut  the  small  size  of  the  ore  invai"iably  used,  gieatly  facili- 
tntea  the  reduction.  The  carliLmie  oxide  (and  perhnps  solid  carbon)  acting 
on  the  o^yf^en  of  tlie  peroxide,  converts  the  ore,  iirsl  into  the  maguetio  oxide. 
then  into  the  protoxide;  and  linallT,  with  the  abstraction  uf  the  last  oqTUTn3ewt 
of  oxygen,  into  metaUie  iron.  Altlioiigh  direct  experiment  is  required  to  aettk 
tlie  point,  it  is  highly  probable  tlmt  during  Iho  lirst  two  hours  of  blowing ; 
when  a  weak  etream  of  bJa-st  is  found  most  advantageous  to  tlie  prooess,  car- 
bcinic  oxide  is  a  principal  result  of  the  smothered  combustion  ;  and  this  gas. 
jtiacting  for  such  lengtli  of  time  on  a  pidvurjjied  ore»  effects  its  cimipletc  de 
oxidiitian.  Tlic  mib^equent  inrreane  of  temperntura  causes  Hie  gmina  of 
reduced  irtm  to  agglutinate?  together,  as  in  the  puddling  process,  into  a  hloozn 
capable  of  being  moiilded  undt-r  the  Imminer. 

It  Ts-ill  be  Hcen  that  t>n1y  a  very  ^nickll  qnantity  of  ^on  ia  redne^  to  Uie 
liquid  ^(fite  of  crude  ca8t-iron  ;  the  mass  is  merely  deoxidized,  and  passes, 
by  repeated  manipnlatiouB,  into  tlie  slate  of  T^Tought  iron.  To  enter  &t  once 
into  thifi  crtote,  involves  thu  existence  of  fi  degree  of  purity  iuiattainable  in  any 
blast ftimaoe,  and  seems  to  point  to  the  incorrectness  of  the  \^e^va  generally 
held  respecting  the  utility  of  pariictilar  modifieationa  of  the  common  fonn  of 
bliiat-fiimace  ;  the  considemtion,  however,  of  thia  subject,  must  be  deferred  tiU 
we  com*  to  the  bln^t-fumaee. 

A  modification  of  tliis  process  1ms  lately  been  erperimentally  tri»d  in  the 
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United  States ;  Bome  few  years  since  a  similar  modification  received  a  ti'iol  iu 
tlua  country.  In  this  modification  of  the  old  methtxl  of  producing  wrouglit- 
bon  direct  from  the  ore,  tlie  latter  is  placed  along  with  about  25  per  cent,  by 
veight  of  ground  carbonaceons  matter,  in  a  cliainbcr  attached  to  a  common 
nrerberatory  furnace,  so  as  to  be  heated  by  tlio  flues.  The  cnrbunaceoua 
natter  deprives  the  ore  of  its  oxygen,  which  is  then  drawn  into  tlie  chamber 
of  a  puddling-fumacc ;  and  puddled,  balled,  and  shiu^lud  in  the  usual  miiimcr. 
Hie  process  is  simply  a  modification  of  the  Catulau  hearth, — natural  draught 
by  a  chimney  and  minetal  fuel,  being  substituted  for  the  blast  and  charcoal 
liiel  of  the  latter.  The  ore  is  eaaUy  deprived  of  a  portion  of  its  oxygen ;  but 
the  last  equivalent  elings  to  it  with  great  tenacity,  and  requires  a  high 
tenperature  to  effect  its  removal  with  rapidity.  The  i)rocc3s  is  entirely 
iiMppUcable  to  the  poorer  ores  of  the  coal  formations,  and  appears  to  be 
more  expensive  both  in  labour,  and  fuel,  than  tlio  method  oi'dinarily  pursued 
in  the  redaction  of  the  ore  to  malleable  iron. 

U'ujh-hhtt  Furnave. 

The  modem  blasi«melting  furnace,  in  whic-li  the  iron  ore  is  converted  into 
■***«^'*f  iron,  is  a  large  and  carefully-built  structure,  in  the  interior  of  which. 
eomplicated  chemical  processes  of  great  magnitude  ore  constautl}*  being  sohcd 
with  rapidity  and  completeness.  The  interior  of  the  funiaco  is  usually  of  a 
drcnlar  form,  approaching  in  sectional  elevation  U>  the  ilgnrc  prcs(>uted  bj'  two 
frnstnuns  of  cones  joined  at  their  nu^or  diameters.  The  interior  is  lined 
with  fire-biick  or  rcfractoty  flre-«touc ;  and  an  outer  casing  of  brick  ur  stone 
ii  generally  added. 

One  of  the  objects  in  the  construction  of  furnaces  is  to  condense  the 
beat  into  the  smallest  p<^sible  space,  in  order  to  diminish  tho  surface  of  the 
qtparatus,  and  consequently  the  radiating  sui-fuce.  As  regards  chimneys, 
heat  being  the  object  sought,  it  ought  to  be  presen'cd ;  tlie  walls  therefore 
eumot  be  too  thick  or  carefully  built.  The  height  is  not  important,  provided 
it  rises  over  tlie  buildings,  and  is  suflicicntly  high  to  secure  entire  conibuHtion. 
•od  eazry  the  carbonic  acid  gas  wliich  escapes  beyond  tlie  reach  of  doing 
harm.  In  all  metallurgic  operations  it  is  essential  Uiat  tlie  chimney  be  wide 
enough  for  the  escape  of  tlte  hot  giises  produced ;  tliesc  gases,  gencrtitod  from 
different  kinds  of  fuel,  are  never  equal  in  tlieir  composition.  Wood  and  bitu- 
Biinoas  coal,  containing  water,  generate  a  large  quantity  of  steam,  besides  car- 
bonic acid ;  wliilo  anthracite  and  charcoal  generate  chiefly  tlie  latter,  of  a  specific 
gravity  of  Vbit.  It  is  evident  tliat  a  greater  degree  of  heat  is  required  to  render 
this  protluct  of  the  same  specific  graAdty  as  tho  atmosphere,  and  set  tlie  gases 
in  motion ;  hence  tlie  conclusion  is  drawn  by  some  autliors  that  a  chinincy 
for  bituminouB  coal  requires  to  be  larger  tlian  one  for  either  wood  fuel, 
anthracite,  or  charcoal. 

In  order  to  economise  the  heat,  the  interior  of  tlie  cliimney  should  be  per- 
fectly smooth — the  bricks  so  Ux  refractory  as  to  resist  vitrification  or  melting 
nnder  the  heat  to  which  tliey  arc  exposed.  Tlie  accompanying  figiu-e  shows 
the  vertieal  aeetion  of  a  modem  blast-furnace,  where  tlio  masonry  is  cunstrtieted 
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of  rongU  sondfitoue.  The  mteTiar  ia  formed  of  fire-proof  m&tenAls,  cither 
sAndstontJ  or  fire-brick.  It  is  ajso  important  to  liare  efficient  means  of  dnuu- 
ttgt%  iia  it  is  deHirnblo  that  the  bottom  part  of  the  fiiraacc  should  be  dry  «iid 
m'anii.  At  tlie  buttum,  oriixces  axe  coustnicted  in  the  bxickivurk  for  lbs 
iusei'tiuti  of  tilt'  blast-pipes, 
and  one  in  frant  for  Uic 
(Hb(  Jjargc  Lif  Iho  liquid  iron 
and  oiuder ;  Uio  latter  es- 
capes ov(!r  a  dnm  stoue  or 
pJiitt*,  tlie  top  of  "i^hich  18 
nearly  on  a  level  with  the 
under  ddo  of  Uio  blust- 
pipeu.  The  oriUce  fur  the 
tnctol,  ou  B  level  with  the 
bottom  or  Loortli  of  the 
ftimai.'e,  ie  closed  bctweea 
Uie  ca^dnge  by  a  lute  of 
Ju«>clajor  eand ;  those  for 
the  odmisBioit  of  tho  com- 
pressed air  are  lined  with 
sheet  or  cast  tuyere-iron.^;, 
kept  cool  by  a  small  curreot 
of  wiilor  cii'CLilating  in  tlic- 
metal.  Compressed  oir,  or 
**  blast"  fta  it  is  commonly 
CftUed,  is  Lrimpht  from  the 
blowing  engiiica  iu  large 
metal  pipes,  from  whidi 
smaller  pipes  brntich  off  to 

each  of  tbe  tiiyere  orifices   in  the   fiumaee^  where  they  termLnatti  in  t 
tuyere-iron  in  u  alighlly  tapered  pipe.     The  top  is  open,  w-iili  the  excepti' 
of  a  brick  cliiiniiey,  pierced  ^vith  upeuiugs  for  the  iueertiuu  of  the  mate 
tx>  jirotcet  the  Rtteudaut  T^urkmeji  fi-oni  tlie  intenaa  heat.     The  ex 
tlio  fiii-nncc   is  vanoiLsly  fsh^ped  :   squjare  ii^  a  very  general  form  in 
whci'O  builfling  stono  id  intfXpeDsive  ;  nvhUo  tlie  square  base  and  circ 
is  tlie  prevailing  fomi  m  Staffordshire  and  Scotland.     As  a.  general 
exterior  form  is  perfectly  iiumateiinl  to  tlie  working  of  the  fitmace,  so  lon|^ 
it  prevents  tlie  radiation  of  heat,  and  is  bored  in  such  a  manner  as  to 
ita  form  utiaJtorod  imder  great  changes  of  temperature* 

The  dimenBiona  of  blastfumaees  vory  greatly ;  and  the  aeveral  pTOpa 
tions  of  tho  interior,  on  xvhieh  much  undoubtedly  depends^  are  made  witiio 
any  rule  or  metliod.  Thia  inattention  to  generaJ  principle*  ia  not  eonfinod 
England.  In  ilie  Kortli  American  States,  where  tlio  iron  trade  has  advano 
with  strides  almost  equally  rapid*  fumftcea  workiufj  on  similar  min«n 
are  built  of  all  dimensions  between  8  and  '2'2  feet  dinmeter;  in  the  heigh 
greater  repilarity  is  observed :  the  cxtremo  range  in  that  country  lying betwi 
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45  feet.  In  KnglAnd  the  furoaces  nvngc  between  9  feet  diitmeier  by 
the  smallest  of  the  antluacitc ;  to  20  diiuiitiicr  by  TtO  high,  the  largest 
districts,  The  tiiroat  of  modem  ftimaoes  i^  dumpar&tively  Itirjije,  a 
oiie-baJf  of  tlie  largeBt  diameter  being  now  common.  A  ^mularly 
is  aoeu  in  the  antJuacita  fiiniaces  af  Atiierk'u ;  but  the  diareoal 

furnaces  work  witli  sinim 
tliraats,  often  not  more 
than  20  or  30  iiiclies. 
The  ejcterior  size  tjf  fur- 
naces is  subject  to  the 
stune  eapiioe  as  the  in- 
terior.  Forty  feet  ia  » 
cummou  size  at  base,  bat 
they  may  be  seen  a^  small 
OS  20,  and  so  hu'ge  aa  dU 
feet* 

The  eitaatlon  of  the 
ftUTiaees  in  the  neigh- 
ItOTirhood  of  stoep  hiR^-, 
lias  been  taken  iidvan- 
tage  of  ill  \Vh1cs  ii>  bring 
tlio  mateiials  on  to  the 
lop  without  recourse  to 
miichineiy.  In  SUifll'ord- 
shire  oJid  other  diKtrieta, 
in  the  ubaenee  of  similar 
natural  flflvftutngi.'St  vori' 
Dlart-rnraaM  «id  PneuiMtit  lift.      ^^^  appliances  havu  been 

emjilojtd  in  the  elevating  of  the  materiala  to  the  ]evel  of 
the  funmee.  Old  furnaces  ai-e  com  manly '\\Toufi|bt  with 
an  inclined  plane,  carrjiuf];  rails,  over  wliich  a  i>latfonii 
Carriafie  ia  mt'Ved  by  stfltionary  power*  Water-power  is 
appUed  to  a  limited  txttnt;  and  iJie  presi^ure  of  tlie  Mast 
tn  a  piston,  eoimocted  vdth  mulUpl^inp  gearing,  may  bo 
Been  in  operation  at  one  or  two  places.  Tlie  mohtetivf'tive 
as  weU  aa  inexponbive  of  these  appliaucce  appears  to  be 
the  well  and  pneumatic  cyhnder,  an  appnratuB  capable 
of  lifting  very  large  quantities  to  any  required  height. 
It  usually  consifits  of  a  brick  well,  m  tlie  rear  of  tlic  fur- 
nace, a  few  feet  deeper  than  the  height  of  the  furnace,  in 
which  a  wrought  iron  tube^  4  or  &  feet  diameter,  open  at 
the  boUoiw,  but  closed  at  the  top,  works  up  and  down  in 
suitable  guides.  A  pi^K-'  fr^'im  llie  tuginc  main,  pae^ce 
do-wm  to  the  cn^ne  well ;  and  tnming  up  iuRde  tijt  tube, 
is  brought  nearly  on  a  leTcl  with  tlie  surfiiee,  Tlie  pi|>o 
lliie  valTO  trt  reguhite  and  stop  tlio  udmistiion  of  blust.     Walrr  filU 


Uie  woil  to  wiUiin  a  few  feet  uf  iho  am^iace,  forming^  an  air-tight  juiut  wround 
the  pip«*  Ln  it,^  oftcent  aud  doacent.  Tlic  upper  end  of  the  tabe  h  fandshed 
witli  an  outlet  valve,  fuicl  aisa  carries  a  plntform,  ou  which  the  loaded  borroWB 
are  BUpfujiled.  Thia  pltttform  works  in  a  frnniework  vf  guides ;  and  its  weipht. 
and  that  (if  the  tube,  are  noarly  balanced  by  weights  attached  to  chaiiis passing 
over  piiUevB  at  tlie  top.  J 

The  working  of  the  apparatus  is  extremely  simple.  Tlie  admisaioiL-yallQ 
is  opened,  and  tlic  blast  passing  t^irough  the  jiipc,  pressos  against  the  closed 
end  of  tbe  tiib<?,  witli  a  force  praporlioiiiil  to  its  deusity,  and  the  liorizonUl 
area  cx|if>sc!d  to  ita  actioQ.  AsHiuning'  the  tube  lo  be  5  feet  m  its  interior 
diaDietvr*  and  the  presaiire  of  ttm  blnsl  3  lbs  to  the  square  incht  it  will  rise 
■witU  a  force  of  HiJ^Uba,  On  aiTiving  jit  the  reqiiked  elevatioiit  the  further 
admission  of  blast  b  shut  ulT,  and  hy  it**  elasticity,  the  portion  in  the  iiitci 
buoys  up  the  tube  until  t(ie  barrowa  are  emj^tied  into  the  furnaee,  when 
deaoeut  is  ivcconipE^hedt  hy  opening,  more  or  l^jss,  tiie  outlct-Talve  on  the  tul 
the  BBcnpa  of  tlie  coiiliiii^d  bla^t,  by  diminiKbiug  the  reaistance,  tdlowa  it] 
descend,  The  rale  of  dt'scent  is  regulated  at  pleasure  by  tlio  eseaipe  vali 
which  is  made  of  such  a  &iy.o,  relatively  to  the  tube,  that  when  full  open,  the  itnin 
toimpt^pd  flow  of  blast  will  not  be  Kulficient  to  prodnce  an  iujurioua  veloHty^ 

The "  1  'laat" for  iirj^j^ the  blnatfumace  is  commouly geaernted  by  po'nc 
steam-en i^nes,  wortdiig  metal  cylinders,  fitted  with  tlie  requifiite  pistons 
valx'us  for  tlie  admission  of  the  air  and  deliTcry  of  the  blast.  In  tho  Unil 
States,  and  some  pnrta  of  Germany,  wooden  blov,iijgmacliines,  driven  hj 
water-power,  are  very  general,  thoujtjli  greatly  iiiffriorin  point  of  efficiency  to 
the  sttain  engine  and  jnytal  i^jUiider,  "Wattr-power  was  fonnerly  loack  ew- 
ployed  in  Euglnud ;  but  tlie  fretjueut  deficiency  of  ftTitcr,  in  summer,  hasoansvcl 
it  to  be  siiptrstdLid  by  stenm,  even  in  the  most  favourable  localitiea.  The  MJa* 
piest  fonn  of  eng;iiie,  vriih  due  regard  to  ro;^larity  of  working,  is  the 
high  pressure,  hfiviii^  a  heavy  fly-wheel  to  carry  it  over  centres.  TU«  pro] 
tiona  of  tlie  parts  beloni^ing  to  the  stcani-cntl  tu*e  made  eoiisidcnibly  hoavier  i 
stronger  than  for  ordinary  atcaiu-eapriues,  isith  n  \dcw  of  removiji|^  all  liflk^ 
accident  from  weakncsFi :  tJie  blnv\-ing  cylinder  is  usually  about  t\\ice  thft 
of  the  sb.'ftni  cylinder.  Witli  these  proportions,  and  liigh-pressoi'e  steam,  the 
eugine  will  he  perfectly  able  to  compress  tlie  blast  to  a  pressure  of  t>  or  T  lbs, 
to  the  sqnurt;  inch,  tliough  in  proctiPe  3  lbs.  1st  ft  more  common  pressure.  In 
creating  a  blo\iinj;f-enpine,  houevw,  it  h  best  to  havo  a  surplua  of  power 
on  the  ^toiim  fiide,  iu  case  a  high  pressure  of  bkst  ahould  at  any  tunc 
advi>^rti*le. 

The  size  of  the  blowing-engi«e  will  depend  on  U»e  number  of  blast 
in  operiiiion,  and  the  qimntity  of  iron  whicli  it  in  annght  to  obtain  from  ttieni. 
If  the  fttmaetsa  are  smiUl.  and  worklnji^  on  gi'ay  crude  iron,  a  blowing^eogino 
of  the  largest  olasa*  vi/  •n'itK  a  ti:\*clvD  feet  blowing^^yliuder,  will  ffoffico  (or 
tan  or  twelve ;  witii  larger  fnrnuecii,  workinrr  on  wliite  crude  iron,  the  same 
enguie  will  f^ulUce  fur  ^nven  or  ei^dit  fui'naues,  and  the  usnul  complement  oj 
hlaat  refitieriea.  To  blow  bo  mauy.  however,  it  is  necoBsaiy  UiQt  the  engine 
should  l>e  driven  at  a  minimum  sp^cd  of  400  feet  per  mill ute,  and  be  furnished 
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iffidentlj  IflJ^  jnoiost  and  tmmeroua  and  suflicieutly  lar^  bk&t  and 
ero  qnoiitily  is  aonght  irreapective  of  quality^  ft  modem  invention  for 
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*  the  blast  ia  very  genemlly  adopted.  Oror  a  Jire- place  a  sm«3  of 
b  pt^MW  of  an  arched  form  ajv  jiiounted  on  Ino  horizouttd  pipes,  in  iiie 
(rhich  cold  air  eTttera,  and,  passing  through  the  art^hed  pipes,  absorbs 
lO  heated  metal  a  large  accefision  of  teroperahire  before  entering  the 
I  By  placing  over  the  fire-placcj  the  requisite  unmbcr  of  arched  pipea, 
ieitOy  large  surface  is  exposed  to  the  action  of  tJio  lire  undenicatht  to 
8  blast,  in  its  rapid  passngo,  to  a  temj>GrAtiLre  equnl  to  the  melting-point 
,  In  tb^  earlier  funtacea  to  which  the  invention  n^s  nppliod,  a  large 
M  exposed  to  the  fire,  several  yFird»  in  length  ;  but  the  low  temperature 
h  the  blast  was  heated  led  ultimatetj  to  the  adoption  of  a  number  of 
'  pipes  of  a  sectional  form,  otfering  a  large  surfoec  to  the  heat  j  through 
[pes  the  blast  is  forced  in  a  numlier  of  tliin  streams.  With  tbia  provision , 
a  rapid  rate  at  which  the  blast  i^  propelled,  namely  Jrom  ^000  toUOOQ  tect 
mte*  or  35  to  TO  miles  per  hour;  it  in  apparent  tiiat  atmonpheric  air  h 
I  of  itKJcivinfr  an  acccadon  of  nenrly  lOQ  dejifreea  of  temperature  in  Icea 
te  sccoml  of  time — a  rapidity  perfectlj'  man  elioua,  compared  tt'ith  the 

Blowness  of  natural  phouomena, 

airangemenla  followed  in  the  prodnrtion  of  crude  Iron  with  tlie  high- 
m&cc,  consist  in  filling  into  tho  throat  at  top  ;  ore>  fuel,  and  Hns.,  aud 
ftg  blajst  through  tho  tuyere  oriiiees  at  bottom.     The  combustion  of 


tlie  fuel  giiuerates  astiiffici-entlyhigh  tcinLperatiire.tofiiRDtJieftdji«.'<!nt  piece* of 

Lire»  lixid  llux,  tlius  Uberatm^  mctallio  irun,  wlticU  descends  iuto  the  lot 

liearth,  fxcim  whence  it  is  allowed  to  flow 

away   tlii*uugli  Uic?  tflppiu^'-liale   at  stated 

times  in  the  day.     The  hghter  portiou^  of 

the  li<[md  matltr,  fomprisiug  the  cinder, 

tloats  ou  tlie  uietid,  aud  flows  over  a  notch 

iu  the  dum  sttino  iiitu  n  suitable  receptacle, 

so  as  to  Eolidifj\  previous  to  removal.     Tl»e 

BtteudanLi  ftt  top  hrtve  to  lill  regiUitrly  aud 

evenly,  over  all  tlie  materiiilin  tlic  fmiiiu'e, 

as  fttat  as  it  descendfl  by  fiiisjnji  i  M'hile  Ihose 

at  the  bottom  are  occupied  hi  ivjthdrawing 

t}ui  uietiil,   flUeuding   to  the   cinder,   &iid 

4'lraiiitg  tho  Inhere  unliees,  so  that  no  ob- 

»itruL-tion  may  be  opposed  to  tho  entroucgi  of 

the  hloBt. 

Con4umption  of  M/ttetiaL 

The  quantity  of  ore  required  to  pi'^duce 
a  ton  of  iron  vaiies  n'ith  its  richness.     Of 
the  enilliy  ciirbouatcB  of  tbt;  eoal-meaBures,   ~ 
ajid    tlic    ores    of   llie    oulitie    formation,  .<  .<>-..-•.  .- 

Oiero  lu-e  required  about  01)  c^ i-s. ;  of  the  hoeniatitea  of  Dean  Forest  iind 
Ciitnwall,  abont  4d  cwLa. ;  while  of  tlvc  Laucualiii'e  and  Cumberland  ore, 
:I8  to  AD  produce  a  ton  of  iron.  The  fuel  ranges  from  30  to  i>0  cwts.  iirid 
upwards,  depending,  partly  ou  tl»e  quality  and  hardness,  but  more  ou  Uie 
economy  of  tlie  furjiace.  The  flux  for  tlie  earLliy  ciirbonates  consists  of  lime- 
stone or  chiillc,  added  at  the  rate  of  lii  to  It*  cwtd.  per  ion  of  iryn ;  for  the 
calcareous  ores  of  tl]c  moimtaiu  limestone  fonnaUou,  abale  tetda  of  tite 
toal-measuro  aro  used  for  tlie  forniatbn  of  a  euffidenUy  fluid  cinder.  Thii 
Bubstftnce  is  also  adikd  to  the  rich  JiKJuatitos,  to  compensate  for  tliS  deliciency 
of  earthy  matters  for  forming  tlie  nccessarj*  cinder.  The  quantity  of  salida 
thus  charged  into  the  top,  amounts,  on  an  aveiiigc,  to  G  tons  for  every  tonfll 
(;nidt^  iron  obtained.  m 

The  quantity  of  air  blown  into  the  bottoro  of  tlie  furnace  may  be  cstinuklfli 
by  weight  ftt  13  Ujus  for  each  ton  of  iron  made ;  whence  it  follows  tliat  tlM 
tolul  weight  of  the  Kolidt;  and  gaaefi  brought  into  action  in  die  reduetiodi  d 
one  ton  of  iron,  amounbs  to  lU  tons.  In  the  blast-furnace,  this  is  rftptdlj 
Tesolvcd  into  liqiud  matter,  weigliiug  about  3  tons,  flrhich  escapes  at  Oat 
buttom  ;  wltUe  gaseous  matters f  weiglilng  nearly  Iti  tons,  ascend  the  furuoeei 
and  escape  at  the  top,  ^ 

lititcHons  in  (fnf  Chemical  Lubomtory  of  the  BUai-furnace,  ™ 

Aflsiuniug  tlie  furnace  to  be  filled  witli  ore,  fiiel,  and  flux,  in  the  proportioiis 

which  an  nualyaii}  of  each  has  determined  to  be  most  suitable,  the  chemictt] 
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duiiges  may  be  said  to  commence  with  the  entrance  of  the  (cold)  blast  into 
tbo  fdrnace.  The  composition  of  atmospheric  air,  with  an  average  amount  of 
maistare,  may  be  taken  as  follows :— • 


Oxygen 2100 

Nitrogen 7750 

Aqueous  vapour  ...  1*4:^ 

Carbonic  acid ....  *0H 


10000 


Nitrogen,  which  is  the  largest  constituent,  appears  to  undergo  no  altera- 
tion, merely  passing  through  the  incandescent  materials  in  the  fiimacc,  and 
neaping  at  the  top ;  while  oxygen,  the  next  largest  constituent,  on  entering 
the  hearth  of  the  furnace,  combines  witli  the  fuel  there  present,  and  at  a  few 
inches  from  the  tuyere  is  converted  into  carbonic  acid ;  ascending  througli 
file  ignited  fuel,  the  carbonic  acid  is  partly  or  wholly  converted  into  carbonic 
oodde.  A  portion  of  this  gas  deprives  the  ore  of  its  last  equivalent  of  oxygen, 
•nd  is  converted  back  to  carbonic  acid ;  in  its  further  ascent,  upn*ards  to  the 
throat,  it  is  influenced  by  the  temperature  of  tlie  surrounding  materials.  If 
Uieae  are  at  a  high  temperature,  tho  carbonic  acid  miites  with  the  carbon  of 
thexed-hot  fuel,  and  escapes  at  the  top  as  carbonic  oxide ;  if  the  temperature  is 
low,  it  is  unaltered,  and  escapes  as  the  carbonic  a(;id.  A  Bocond  portion  of  tlic 
eubonic  oxide  first  fonne<l,  abstracte  tlie  second  equivalent  of  oxygen  iix)ni 
the  ore,  and  passes  upwards  in  a  similar  manner ;  while  a  tliii'd  portion 
passes  unaltered  to  near  the  throat,  wliero  it  deprives  tho  ore  of  its  first 
equivalent  of  oxygen. 

The  aqueous  \'apour  is  decomposed,  tlic  liberated  ox^'gcn  muting  with  t)ie 
main  body  of  oxygen  in  the  air,  while  the  hydrngen  ascends  to  tlie  top.  It 
b  commonly  stated  that  the  small  quantity  of  tliis  gas  which  thus  ascends,  is 
vithont  influence  on  the  operations  of  tho  furnace ;  but  tliis  statement  rcqiures 
eonfizmation  by  direct  experiment.  The  minute  quantity  of  carbonic  ncid  m 
the  air  acts  in  the  same  manner  as  tlte  larger  volmne  produced  by  combustion 
of  the  carbon. 

Chemical  change  in  tlie  composition  of  tlie  calcined  ore,  commences  imme- 
diately on  entering  the  furnace.  After  calcination  it  is  of  an  ox^cn  porous 
ttrnctnre,  readily  permeable  by  gases ;  on  entering  the  tliroat,  tlie  ascending 
ctriNmic  oxide  deprives  it  of  one  equivalent  of  oxygen,  lea^-ing  it  as  a  mag- 
netic oxide.  In  this  state  tlie  ore  descends  the  furnace  to  tlie  mure  elevated 
temperature  of  tlie  hearth  above  the  tuyeres ;  tlie  carbonic  oxide  now  abstracts 
a  second  equivalent  of  oxygen,  and  immediately  afterwanls  tlie  ore  yields  its 
last  portion  of  oxygen,  and  descends  into  the  hearth  below  the  influence  of 
the  heat.  If  the  ore  contains  water,  it  is  vaporized  at  the  top,  and  escapes 
as  steam. 

The  fiiel  (coke)  in  the  upper  part  of  the  fhmnce  is  absorbed  to  a  great  ex- 
tent in  the  production  of  carbonic  oxide,  and  also  by  the  destructive  velocity  of 
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t£ie  guca  m  Uie  nvrrow  tliroot.  The  widtli  of  this  part  of  the  fumotie  iuhI 
riallj  infloeiuwi  tUe  eo&stimptioii  of  fueL  Lower  doiftii,  tlie  fuel  sappU 
csirbon  to  the  c&rbunic  acid,  to  form  e&rbonic  oxidig  fi>r  the  deoxidation  af 
ore,  and  for  imioii  with  the  meUd  &b  a  carburet ;  tlie  purtioii  of  fuel  vvLtcli  Li 
encapod  conBmnptioa  in  the  descent,  is  converted  into  carbonic  acid  in 
re^^u  of  the  tuyere. 

TliG  change  produced  in  tlie  limestoDe  fluk.,  appeal^  limited  to  the  expnl- 
tdoja  of  its  carhonic  acid,  which  is  efT^ct^d,  in  the  caee  of  smaU  stones,  iu  ilm 
neighbonrhood  of  the  throat ;  nith  larger  stoaea  Its  cuUr^  expulsion  is  eJ&'ecU»l 
at  a  greater  depth  in  th«  fiimace. 

The  chemical  changes  reaiilt  in  corresponding  Tnnations  in  the  temppra- 
tiur«  of  the  ascending  cnrreut  af  gasea.  The  oxy^fio.  of  the  Citcmal  air,  on 
out43ruig,  comhinea  with  die  remiuiiiug  carbon  of  the  fuel,  liberating  a  largo 
aiDonnt  of  caloric^  which  ia  Lakttn  up  hy  the  ore,  flux,  and  gaaos.  The  Ia* 
ieoaely  high  temperature  tu  tins  part  of  the  furnace  coutinaea  to  the  h;?el 
where  carbonic  oxide  Is  formed ;  a  sUght  temponuy  diininutian  now  takw 
place ;  it  is  partiiiUjr  restored  by  the  reconversu«u  of  cai^bonic  oxide,  into  caff- 
honic  acid  in  tlm  dcoxiduiionuf  tlivore.  The  tempi^ralme  «h*;htly  decreases 
to  the  level  where  tlit*  flux  evolvtis  its  cai'homc  acid  TIil^  quantity  of  heat, 
rendered  ktetit  iLt  tlita  hviil.  produces  on  immediate  reductiuii  of  temp^ratiuv. 
TliQ  conversion  of  the  wator  into  8t«am,  oomhined  m  ith  the  uru  and  fuel,  alao 
tcada  to  a  diminution  of  tcnipcrfiture  in  thia  region.  In  coua«qnence,  how- 
ever, of  the  gmall  hulk  of  material  at  top,  tlie  rapid  draught  there  ci«ated, 
reaoltii  in  a  partial  oombufltiou  of  tlie  fuul,  and  tho  Uiaintcnauce  of  a  fai^bar 
temper  At  ure  than  otltenriae  would  be  tlie  ca^, 

Duruig  the  passage  of  iiie  gases  Uirough  the  furnace,  tlio  reduction  of 
temiKmturG  at  each  level,  coD8t^quent  on  tho  formation  of  carbonic  oxide,  and 
the  iargc!  influx  of  carbonic  acid  from  tlttt  UniL^Ml^jiic.  is  much  hsa  Uian  lias 
boen  stated  by  ^ome  wnlers,  Vi^ry  mititukeu  m'^vs  on  this  subject  have  aruien 
from  Uioir  treating  tlio  upward  current  as  eontii^titig,  at  the  Xowijr  level,  of 
carboujc  acid,  and  Iruni  estimating  this  current  an  being  oonverted  into  cai^ 
bonio  oxide,  when  ueccssniily  a  large  reduction  ^v'uuld  onatiA.  In  reahty,  Uie 
upward  current  of  pas  just  above  the  tuyere  consists  of  carbonic  acid,  with 
iibout  tflrice  its  weiglit  of  nitrogL-n.  Tlua  nitrogen*  though  offtring  no  chciui- 
oal  affinity  iu  ita  asecnt,  ]dny8  n  most  Important  part  iu  the  economy  of  l!ie 
blast  furnace.  Heated  at  the  low  level  to  tlw  iiiteiiae  temperaluro  tliera 
prevaihug,  it  acbi  tluongliout  its  aaount,  ufi  a  nic^diuin  for  equali^^in^  tlie  t«iii; 
perat»/e.  At  the  llr>st  reduction,  tlie  convcrstoti  of  the  carbonic  acid  into  car- 
bouic  oxide*  and  Oie  large  ntore  of  heat  in  the  nitrogen,  is  dnrmi  up<>ri  :i\ 
siijtply  the  largor  ])nrdou  of  the  difTerenco  tliut  utlierwise  would  laliv  pbu  c 
Iu  the  suljijcrjueiit  cItargeB  to  the  throtitp  tlie  nitru^eu  hi  cnUed  upon  Iu  yiahl 
wp  oUier  portions  vt  Uie  heat  which  it  ubBorbed  at  Qie  low  leveh 

The  heat,  rcudcred  latent  by  so  much  tiurbonic  oxide  as  unity's  with 
the  oxygen  of  tJie  ore,  ia  recovered  ugain  iu  Uie  formatiun  of  carbonic  aod ; 
therefore  ev  tcmporar)'  depression  only  ia  created  by  tliia  portiuu  of  caxbonic 
oxide. 
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Temperature  in  the  Blast-furnace. 

TIm  ^teavtlu — In  tliis  port  of  tlic  furnace,  it  must  bo  obvious  tliat  the 
Lum  temperature  will  bo  mutually  dcpcndeut  on  the  blast,  fiiel,  and  fncili- 
ties  for  absorbing  the  heat  developed.  Witli  the  required  volume  and  dousity 
of  blast,  according  to  the  amount  of  fuel,  the  production  of  a  low  or  high  tem- 
perature, up  to  the  highebt  temperature  attainable  with  atmosphoiic  uir,  will 
be  solely  dependent  on  tlie  facilities  afi'urdcd  for  its  absorption.  TJic  ore  and 
flux  are  the  materials  which  should  absorb  the  hcut  developed ;  according, 
then,  to  the  proportion  which  they  bear  to  tlie  heat  evolved,  will  the  tem- 
pexatuze  be  high  or  low.  If  the  ore  and  flux  are  in  excess,  the  rapid  manner  in 
vhich  they  absorb  the  quantity  of  available  caloric,  results  in  a  low  tompera- 
torc ;  on  tiie  other  hand,  wlicn  they  are  small  iu  quantity,  tlio  caloric  evolved 
locumtilates,  and  the  materials  natiu^ly  acquire  a  higher  temperature  irom 
inability  to  absorb  the  whole  of  the  caloric,  nt  tlie  low  temperature. 

By  heating  the  blast  before  itd  adnussiou  to  tlic  furnace,  a  quantity  of 
caloric  is  directly  communicated,  in  addition  to  tliat  x>ru<1uccd  by  combustion 
of  facl  within  tlic  bUst-fumaco ;  tlie  excess  of  calurio  tlins  thrown  into  tlie 
lomace,  results  in  a  direct  accession  of  temperature,  until  the  additional  caloric 
ibflorbcd  by  the  materials  is  cqiml  to  that  conmiunicated  by  the  heated  blast. 
It  must  be  boruo  iu  mind,  however,  that  the  accession  of  tompci-atiu'o  by  tlie 
heated  blast,  over  tliat  resulting  from  the  cold  blast,  is  entii-ely  dependent  on 
the  maintenance  of  the  former  reLition  of  blast,  to  fuel  in  the  furnace.  If  tlie 
fiiel  burden  in  diminished  iu  greater  ratio  Uian  tlie  increased  quantity  of  heat 
eommunicatcd  1)y  tlie  heated  blast,  the  lesser  quantity  of  caloric  in  tlie  hearth 
of  the  furnace  results  in  tlie  prevalence  of  a  lower  temperature.  In  tlie  supe- 
lior  regions  of  the  furnace,  the  use  of  heated  air,  witli  its  accompan,viug  reduc- 
tion of  fuel-burden,  rcsultij  iu  a  permanent  reduction  of  temperature  compared 
Tilh  that  in  the  cold-blast  furnace,  while  tlie  gradations  iiom  zone  to  zone 
are  more  abrupt.  The  lesser  quantity  of  air  thrown  into  the  hot-blast  fur- 
nace, relatively  to  the  ore  and  Hux,  results  in  a  prupurtionately  smaller  quon- 
ti^  of  nitrogen  being  heated  iu  the  hearth ;  and  the  volume  of  gasos  through- 
out, ii  fiimilarly  reduced.  Consequent  on  tliis  diuiiiiution  of  hut  guscs,  in 
proportion  to  the  quantity  of  ore  and  iinx,  tlic  ascending  current  is  more 
apidly  deprived  of  its  caloric,  and  escapes  at  the  throat  at  a  very  much  lower 
tenipeniture  than  in  cold-blast  furnaces.  The  lessor  qnantity  of  nitrogen  is 
also  seen  to  be  prejudicial,  inasmuch  as  it  is  less  ablo  to  compensate  for  tlie 
diminution  of  temx>erature  wluch  follows  on  the  convei-siou  of  carbonic  acid 
into  carbonic  oxide. 

This  general  inferiority  of  temperature  is  borne  out  by  direct  experiment 
in  the  throat  of  furnaces  of  both  descriptions. 

A  conunou  and  very  prevalent  error  is  to  suppofte,  that  the  mere  heating 
of  tho  air,  results  in  an  accession  of  temiierutiu'e  in  the  blast-furnace,  without 
reference  to  the  fuel  which  may  bo  consumed  therein,  or  the  quantities  of 
blast  delivered  for  its  combustion.  Were  this  tlie  case,  hot-blast  furnaces 
would  invariably  produce  gray  iron,  with  a  cinder  nearly  devoid  of  oxide  of 
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iron — Uie  invariftWe  products  of  ft  high  temperattire  &nd  dry  materials ;  but  it 
ifi  well  known  Ihut  such  furnaces  more  often  pTodace  'white  iron,  mid  Ecouring 
dnder,  the  usual  attendonta  ou  a  cold  ftumaoe. 

Diapa»fil  of  Ileal  in  the  JJhtat-fnrna^. 

The  c&rbon  of  i!ie  fuel  ua^d  in  the  hlo-st  furnace.  U  varionslj'  consoraed : 
ft  porliou — by  veiy  mnch  the  largest,  indeed — is  tixpenilcJ  in  genemting  the 
lijgh  temperature  of  tJie  hearth  ;  a  tjeeond  porliou  is  coiiBumed  in  etFectipg 
the  deosddatiun  of  t!ie  ore  \  while  a  third  and  smftlkT  portion  romhines  willi  Ihc 
metal  ti3  carburet.  The  qtwrntity  combiuiog  livith  tlie  metal  may  he  titkeJi  as 
ttveraging  3  per  ccnt<  pf  its  composition,  or  67  2  lbs.  per  tan  of  crude  iron. 
The  quantity  absolutely  required  for  the  deoxidation  of  the  ore  is  determined 
by  tlie  quantity  of  oxygen  iiL  combination  witli  the  latter,  Assimiing  tlie  »rs  I 
to  hnvD  been  calcined,  the  metal  will  exiat  q-b  peroxide ;  or  for  2340  Jbe.  of  iron, 
there  will  be  UOOlha,  nf  oxygen.  To  convert  tliis  into  carbonic  auid  rei^mre:^ 
a  couBiunption  of  ^00  lbs.  of  earhou  ;  added  to  the  previous  quantity,  a  toUl 
of  427  lbs.  has  to  be  deducted  from  the  consumption  of  fuel  for  the  carbon 
thus  absorbed. 

The  avonige  consamptiQn  of  coke  may  be  estimated  at  32  cwts.,  equal  to 
flO  CTvta.  of  pure  ("itl-bon:  dDducting  iSTlba,  ft-om  this,  tlierc  remain  l*fl:i3  IW. 
available  for  iiiiiing  the  ore^  and  tlux,  and  as  compensation  for  loss  in  vaiioufl 
ways. 

By  experiment^  it  appears  that  the  fnaion^  to  perfect  Kqnidity,  of  3  tons  of 
material,  in  tlie  proportion  of  1  Ion  of  iron  and  2  tons  of  cinder,  detcrnunes 
the  absorption  of  nii  nuionnt  of  caloric,  equal  to  that  evolved  during  the  con- 
version of  SHiJ  Urn.  of  carbon  into  carbonic  acid.     Tlio  carbonic  ncid  absorbs  A 
aiuLilnr  amount  of  carbon  during  itg  reduction  to  carbonic  oxide  ;  but,  as  ere 
hjw  previously  been  taken  for  3LiOlbs.  thus  consumed,  there  remains  onl 
20  Ibtt.  to  add  to  the  380  as  the  quantity  earned  off  by  the  heat  of  the  liquii 
pro<luct3  nndcmeatli,     A  further  consumption  of  heat  occurs  in  the  up 
part  of  t!ie  furnace,  through  the  evolution  of  the  carbonic  ocid  of  the  limestonoj 
EstiinAting  tlie  eon-sumption  of  limestone  at  1&  csv^.,  the  carbonic  add  liberntei 
\at11  amount  to  about  Of  c^ts.,  'vrliich  is  accomplished  by  the  heat  of  Ah  Ib«  o 
carbon,  burnt  to  carbouic  oxide.     Hence  tlie  total  consumption  of  cailMjn 
under  tlicsi?  heads,  amounts  to  87^  lbs.     This  represents  the  total  nmount  of 
carbon,  utilized  out  of  a  consumption  of  3;Ui0lb?t,,  leaving  a  1ob5  of  94*^8  lbs. 
to  be  accounted  for.  Radiation  from  the  interior,  escape  of  gases  at  the  ttiyerea. 
and  bent  abstrocteil  by  the  water  circtilating  in  the  tuyeres :  all  tlieaci  diminiah, 
to  rt  proportinnaty  extcntt  the  effective  quantity  of  carbon,  the  a<^gTegi*te  loss 
from  tliesc  fircumstaucos  being  under  100  Iba. ;  hut  thei  great  bulk<  exceeding 
two-tliirds  of  the  quantity  thrown  into  the  fumoeo,  ia  utterly  lost  at  the  throat. 

The  medium  in  wliich  it  escapes  are  the  gases  issuing  in  large  quantity  frum^ 
tlie  throat  at  a  high  temperature.  It  baa  been  atntcdj  that  while  the  pradDG^^f 
of  molten  iron  and  cinder  from  tlie  bottom  weigh  but  l^  tons  for  1  ton  «*f  iron^^P 
tlio  gases  eacftping  at  top  weigh  10  tons.  After  carefully  comparing  the 
high  specific  heat  of  these,  it  is  manifest  that  to  clc't'ato  them  to  the  tempera- 
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tore  of  the  throat,  a  quantity  of  heat  is  absorbed  nearly  equal  to  tltnt  yiulilcd 
by  the  combustion  of  the  24^8  lbs.  of  carbou  otherwise  unaccoiuited  for.  Tlie 
luperior  capacity  of  gases  for  caloric  has  been  ovorlooked  in  the  economical 
arrangemout  of  the  furnace,  and  enormous  quantities  of  fuel  arc  thus  con- 
stantly being  dissipated  in  tlic  gaseous  products  liberated  into  the  atmosphere. 
The  loss  from  tliia  cause  explains  tlie  superior  economy  of  fuel  in  w'nXii- 
throat  furnaces.  The  bla.Ht-fumaces  of  Scot^nd  of  a  former  date  had  very 
Btnow  throats,  and  consmned  largo  quantities  of  fuel  compared  with  the 
vork  done ;  at  the  same  period,  ftimtices  in  Soutli  Wales,  having  compamUvely 

vide  throats,  were  worked  witli  less  than  one-half  tlie  amount  of  carbon  con-  \ 

Rnned  in  tlie  Scotcli  furnaces.    The  beneficial  effects  resulting  from  large  \ 

throats  have  lately  been  made  apparent  in  otlier  districts ;  and  a  very  ^i>neml  '. 

enlargement  of  this  part  has  taken  x>lace  within  the  last  few  3'ears.  followed  1 

in  every  case  by  a  corresponding  economy  of  fuel.    The  largo  tliroat  dimin-  | 

ishcs  the  consumption  of  fuel  in  two  waj-s  : — Istly,  by  offcruig  a  larger  mtias  i 

of  material  for  absorbing  the  available  heat  of  the  ascending  gases ; — *2n(My,  | 

by  reducing  the  temperature  of  the  gases  for  a  short  distance  below  tlic  top,  | 

they  exercise  a  less  destructive  iulluonco  on  the  fuvl  in  the  throat.     The  { 

immense  volume  of  gases  rushes  tlirougli  the  materials  in  this  region  ^rith  a  | 

relocity  ranging  up  to  'JOO  feet  per  second.     By  extending  the  width  still  [ 

farther,  the  reducti(m  may  be  lowered  to  half  the  present  constunptiuu,  and  : 

fet  leave  a  surplus  of  heat  for  all  tho  requirements  of  the  furnace.  | 

Since  the  publication  of  liis  largo  work,  wherein  the  autlior  entered  into  ' 

immerous  detaite  on  tliis  subject,  several  furnaces  have  been  erected  with  the  ! 

top  18  and  14,  feet  diameter.    Tlie  extraordinary  performance  of  these  will  | 

pahaps  eventually  lead  to  tho  adoption  of  his  other  views  in  regard  to  the  j 

•conomy  of  fuel  attainable  by  a  proper  constniction  of  furnace.  I 

By  some  auUioritics,  tlie  cool  top  is  held  to  bo  disadvantageous,  inasmnch  [ 
IB  it  determines  tlie  expulsion  of  tlie  carbonic  acid  of  tlic  Umestouc  ut  too 
peat  a  depth  in  tiie  furnace,  and  rendei-s  latent  a  considerable  quantity  of 

beat  at  a  low  level.     This  objection,  however,  docs  not  occur  hi  i)ractico,  for  ; 

liter  descending  tlirough  tho  upper  layers  of  material,  the  temperatiue  of  the  i 

two  fomaccs  is  nearly  similar.    Tlio  present  high  tempcniture  in  that  portion  - 

of  the  furnace  is  altogetiier  unnecessary  to  the  clicmical  changes  which  should  j 

there  take  place.    Tlie  carbonic  acid  of  tlic  limestone  is  exxielled  at  a  much  ! 

lower  temperature;  while  tlic  alistraction  of  the  first  equivalent  of  oxygen  I 

from  the  ore  takes  place  veiy  rapidly  imder  tiio  dullest  red  heat.    Tlic  best  • 

ailment,  however,  tliat  can  be  adduced  in  favour  of  tiie  correctness  of  the  : 

views  first  advanced  by  tlie  autlior,  is  tiio  large  increase  in  tills  part  of  the  ■ 

fbinace  which  has  already  taken  place  wiUiout  uijury  to  tiio  operations.     At  1 

the  commencement  of  the  present  centur\',  the  majority  of  tlio  furnaces  of  ! 

Sonth  Staffordaliire  had  tiiroats  under  3U  incites  across :  now  8  feet  are  not  I 

vnoBiial  dimensions ;  yet  wiUi  this  increase  from  an  area  of  0  to  64  feet,  more  j 

than  7  times  tho  former  ai-ea,  there  has  been  no  difficulty  in  working  the  fur-  1 

nieea,  hot  the  reverse ;  while  the  economy  of  fuel  attending  the  alteration  has  | 

been  rtry  great.  | 
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A  difficolty  of  iilling  has  been  urged  against  wide- throat  furnaces ;  but  vri 
a  corresponding  increase  in  the  number  of  charging  places,  or,  what  is  bett< 
by  filling  ^^'itll  the  shovel,  the  materials  may  be  distributed  over  tlie  iuteri 
with  the  greatest  regularit}*.  The  supposed  difficulty  of  filling  has  ever  he* 
adduced  as  a  reason  against  any  enlargement ;  nevcrtlieless,  the  throat  h; 
increased  from  3  to  8  feet,  and  witlim  the  present  year  to  13  and  14  fa 
without  injury  to  the  working  of  tlic  furnace.  In  the  case  of  the  Americf 
charcoal  furnaces  a  similar  dread  exists  against  any  alteration ;  and  tl 
consiimption  of  fuel  is  proportionately  large. 

In  connection  \^'ilh  this  subject,  it  mny  be  remoi'ked  tliat  Uiere  is  no  rel 
tiou  between  the  consumption  of  fuel  and  the  economical  products  obtnine 
The  quantity  of  fuel  required  to  produce  a  ton  of  crude  iron,  varies  not  on 
in  different  districts,  but  in  ditTcrcnt  works  in  the  same  district ;  and  not  n 
froqueutly  a  considerable  ditrercnce  is  observed  in  the  furnaces  of  tlic  sau 
firm.  The  richnefis  or  poverty  of  the  ore,  also  the  quality  and  quantity  of  tl 
flux,  tlioiigh  resulting  in  a  less  or  greater  quantity  of  matter  for  fusion,  a 
circumstances  which  have  no  perceptible  influence  on  the  consumption 
fuel.  The  leanest  ores  of  South  Wales  are  smelted  with  nearly  as  gre 
economy  of  fuel  as  the  richest.  Clearly  the  heat  yielded  by  the  fuel  is  £ 
tlie  puri)oso  of  liquefying  the  ore  and  lUix  ;  and  the  amount  of  these  detc 
mines  the  quantity  of  fuel  utilized  JV.r  (hat  inirjHiso.  Tlie  consideration 
the  mamicr  in  wln<U  tlic  boat  (icvclo]'od  is  dit^poscd  of,  accounts  for  the  litt 
influence  exercised  by  the  quantity  of  liquid  products  on  the  3-ield  of  fuel, 
is  seen  tlmt  tho  caloric  absorbed  by  each  t<»n  of  molten  matter  is  represent* 
by  the  boat  obtained  from  l.*»OUis.  of  carbon.  Hence  the  variation  in  tl 
yield  of  fuel,  consequent  on  llic  dmnge  from  a  rich  to  a  poor  ore.  or  rice  trrx 
can  scnrcely  be  more  than  twice  this  quanlitj',  or  200  lbs.  of  carbon  f 
each  ton  of  liquid  niatcriiil  obtahied.  The  fact  that  tliis  slight  increase  : 
the  quantity  of  fuel  sufliccs  in  practice  to  melt  an  additional  ton  of  matte 
demonstrates  the  coiTcctness  of  those  views  rcgai-ding  the  gi'eat  loss  of  he 
in  the  common  blast  fumaco. 

A  smaller  quantity  of  fuel  is  used  when  hented  air  is  employed,  thoug 
after  deducting  the  quantify  used  in  the  heating  stoves,  the  reduction  is  n- 
verj'  considerable.  Until  recently,  tlio  most  erroneous  ideas  prevailed  r<spe< 
ing  the  economy  of  fuel  by  the  use  of  hcntcd  air.  In  several  instances  it  hi 
l>ecn  stated,  that  by  its  uac  alone  Ihe  conRinnptitm  has  been  reduced  from 
to  2  tons,  per  ton  of  ing-uon  produced ;  at  the  same  time  it  is  known  to  pra 
lical  men,  tlmt  in  the  present  blas-t-furnaoea  the  tunount  cronomistHl  is  i 
the  outside  scarcely  5  cwts.,  and  veiy  many  furnaces  are  now  working  wit 
cold  air,  with  greater  economy  of  fuel  than  othere  using  heated  air.  Th 
discrepancj-  in  tlie  results,  from  an  invention  which  is  largely  used  on  the  Co: 
tinent,  as  well  as  in  the  United  States,  has  been  variously  accounted  for. 

In  Scotland,  where  tlie  use  of  heated  air  at  one  time  efiected  a  large  din 
nution  in  tho  consumption  of  fuel,  aniomiting.  according  to  several  writers, 
some  tons  for  everj*  ton  of  iron  made,  tho  faniaeos  are  now  frequently  blow 
for  short  periods  with  cold  air,  with  an  incrcnRcd  corpumption  of  fuel  of  i 
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more  than  b  cvcts.  per  ton  over  tlint  consuinod  witli  heated  au*.  This  altci*a- 
tion  in  the  benefits  accruing  from  honted  air  evidently  arises  from  the  succcs- 
aive  improrcmGntd  in  smelting  made  in  that  couiitn-,  by  which  it  has  attained 
to  nearly  as  great  proficiency  as  otliur  parts  of  the  United  Kingdom. 

The  cause  of  tlic  saving  of  5  cwts.  of  fuel  by  the  use  of  heated  uu*,  is  seen 
in  the  altered  circiunstances  ijx  wliich  the  prnducts  of  combustion  i^soape  into 
the  atmosphere.  Tlie  heat  is  imparted  to  the  bhist  in  the  strtvc-pipos  with  a 
small  n'asto  of  caloric,  for  tlic  products  escape  from  the  chimney  of  the  sl.ive 
with  a  tcmperatiu^  less  by  one-half  ttian  tlio  t<.'mpcrature  of  the  throat  of  the 
cold-blast  furnace.  The  diminished  loss  of  caloric  in  tlus  way,  and  the  less 
destructive  influence  exercised  by  the  sniullor  cunviit  of  gases  on  the  heated 
fuel,  results  in  the  loss  of  heat  being  proportionately  less. 

21w  OiUiOHs  Current  in  1iUt»tfitnvoe9. 

Researches  into  the  composition  of  the  gases  in  English,  Gi'imnn.  niLd 
French  furnaces  have  been  maile ;  but  the  results  are  so  widely  dilfcront,  tiiat 
it  is  very  doubtful  if  tliey  correctly  rei)rcsent  the  chemical  changes  taking 
place  in  the  interior.  The  nitrogen  of  the  atmosphere  nppears  to  ascend  uu- 
icted  upon,  and  consequently  all'ords  a  ready  standard  for  measuiing  the 
!  variations  in  the  cpianlities  of  the  otlier  gases.  The  oxygen  in  tho  escaping 
gases,  for  instance,  is  derived  from  the  Mast  entering  at  the  tuyeres,  increased 
in  its  ascent  by  as  much  as  ciit4TS  with  the  oxide  of  iron  and  carbonate  of 
lime  at  top.  On  referring  to  the  chemical  changes  v.hich  occur  to  the  ore,  it 
is  Been  that  the  qnantitj''  of  oxygen  in  the  cxirreut,  relatively  to  that  of  nitro- 
(!en,  is  necessarily  increased  on  arriving  at  the  surface  of  tlie  materials.  The 
English  experiments,  however,  do  not  exlubit  tliat  reguloiity  m  the  increase 
vfaich  occurs  in  practice.  The  van'ing  proportion  of  oxygen  to  nitrogen  in 
the  ascending  colunm,  appears  to  have  heen  as  follows  in  Mes.srs.  Bunseu  and 
Flayiolr's  experiment  with  the  AlJretou  furnace  : — 
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8    »      .     . 

.       77-0 

11    ,,       .     . 

771) 

lA    »       -     . 

77  0 

17    ,.       .     . 

.       770 

ao  „     .    . 

770 

2M    „       .     . 

.       770 

2t    ,.       .     . 

.       77-0 

u   „     .    . 

.       770 

The  last  depth  was  2  or  3  feet  above  the  tuyere.  To  accord  with  tlie  known 
changes  in  tlio  ore  and  flux,  the  quantity  of  oxygttn  should  have  exhibited  au 
increase  in  each  line  in  an  ascending  series.  The  diilicnlties  attending  tlic 
vitbdrawal  from  the  centre  of  the  furnace  of  gas  in  suflicient  volume  for 
examination,  was  probably  tlie  (^anso  of  tliese  discrepancies,  and  must  con- 
tinue a  Borious  obstacle  to  more  accurate  determuiations. 
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The  rtsuJts  of  tlie  ^xii^Hments  mfide  in  Fi-aiice  are  more  in  ftcco 
witli  other  resear^h^s  on  tlie  cliejuicftl  plmiiRea  prtMlticcd  by  gaeee  out 
blftst-fhrnsV,  Ohfection^  hofl-ever>  luis  been  luken  to  llieir  coircctnes* 
dolly  to  ihe  metliod  pursued  iii  niialy/ing  the  coUected  pases.  At  sncj 
depths  in  the  fnrtiace,  the  proportion  of  oxygen  to  nitrogQD,  in  tlie  asc 
gosca,  AVI 


Depth  from  top. 

Ifitmgrn, 

Oxygon. 

0-0  feet.     .     . 

.    ,      ?:o     .    , 

.    ,     3(i-;* 

4-3     ,.       .     . 

.     .       TT'O        .     . 

.     .       3W2 

8-T     ,,       .     . 

.     ,        77  0       .     . 

.     .        S7-B 

m-i    „     .   • 

.     .       77-0       ,     . 

.     .        340 

17-4     ,,       .     . 

.     .       77-0       .     . 

.     .       27-0 

18B      .,       .     . 

.     ,       77U        .     . 

.     .       340 

Above  tuyere  . 

,     .       77-U       .     . 

.     .       23U 

Here  the  increase  in  the  quantity  of  oxygen  correepOEds  witli  the 
xvliieli  the  ore  is  deprived  of  tliis  ronstittieut.  In  the  first  three  lines  i 
ing,  the  increase  of  oxypen  is  snniU— from  a'2l}to^^4  "r;  and  from  24'5 
represents  nearly  tlie  qnantitj  accruing  from  the  last  And  eecond  equ 
of  oxygen.  Ascending  still  liigher,  the  increase  to  34  0,  and  finally  t 
is  dne  to  the  ahBtmction  cl  llie  tii^t  eqiuvaleut  of  oxygen  from  tJie  o 
large  iufllux  of  carbonic  acid  &oni  the  flux.,  and  the  moi^tvire  enterizi 
Uio  fuel  and  ore. 

The  ocPUiTence  of  earhonio  oxide — a,  cambnBtihle  gfis.  eaeapmg  ; 
bifUralrlo  quaiitity  nitli  other  ^ases  ftomsome  bliist-fnnmcGS — htmreBU 
ntimerous  attempts  to  apply  it  to  heating  parpo8eB,  bnt  hitherto  will 
giiccesB.  Tfie  Piuses  have  been  applied  to  raising  st^am,  heating  th«  a 
ciiiing  the  ore,  and  otlier  operations  reqniiixi^  a  low  heat.  Thcoreticnd 
carbonic  oxide  should  yield  a  large  quantity  of  heat  on  cumKufitioi 
atino&phciic  air  ;  bitt  oisdng  to  the  comparatively  JargL'  amount  of  Ui 
which  has  to  be  heated  along  v«th  it,  the  availabk  calohc  acflvccly  e 
Uie  sensible  heat  of  the  gRses  at  Uieir  escape  from  Uie  lop  of  the  fiima^ 

The  propriety  of  interfering  witli  the  gHses  at  all  is  now  very  mud 
tnoned ;  and  circiimBtoncca  seem  to  woiTiuit  tlie  coudunion.  Unit  carbonic 
in  conaidemble  quantity  in  the  eiji-nping  ^s  indicatt^s  defects  whluh  8 
remedial  menfiures  for  OTercomiu[^'  tJiau,  riitlier  than  the  eiidea%*otiT  1 
the  cajrboiiio  oxide  to  account  ns  »  fueh  It  is  obsierved,  tliat  fnmncee 
Ln^  Tvitli  great  economy  of  fuel  distdiarge  vcr)'  Email  quantities  of  thi 
while  oUiei-s  of  a  more  unperfect  construction,  and  consuming  larfie  qne 
of  fuel,  in  proportion  to  the  ivork  done,  discharge  nearly  the  whole 
Cfirbon  consumed,  combnied  mth  the  oxygen  aa  carbonic,  oxide.  E^ 
earbooic  acid  of  the  lime-^ttme,  in  passing  through  the  highly-heated 
the  tkroati  is  converted  into  carbonic  oxide. 

On  the  Contiuent.  and  In  the  North  American  States,  the  gss^s  ai 
generally  conlrollfd  and  iitHiT'.ed  in  varioua  Trays :  yet  is  Uie  conefmip 
fnd  hij^dipr  than  in  tbi«  ronntry*  notivithatandii>t»  tlie  superior  rirhnefifi 
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l"oa*i;^i  oro.  *uul  the  small  qiiiiutity  nf  (lux  used,  lii  tlie  SinitU  Stulloidsldro 
district,  all  attempts  to  coutrul  tlic  issuing  of  the  gases  Imve  I'osultcd  iii  iii- 
jurions  dUtui'baiices  on  tlie  fiiniacc,  to  such  an  cxteut  as  to  load  to  an  imme- 
diate return  to  the  fonuer  method  of  working.  Numerous  experimental  tiials 
hare  been  made,  all  of  which,  witli  but  one  exception,  have  resulted  in 
serious  loss;  and  scarcely  greater  progress  apx>cars  to  have  been  made  in 
other  districts. 

Quantity  of  Metttl  ohtitiitcdfrom  a  Bhtstfurnnce. 

The  make  or  quantity  of  iron  rusiiltijig  from  a  blast  funiaco,  is  principally 
dependent  on  the  quantity  of  blast  deUverod  into  it,  and  the  relative  propov- 
tious  of  ore  and  flux  to  fuel.  'Witli  a  fixed  burden  uf  fuel  relatively  tu  that 
of  ore  and  flux,  tlie  make  will  be  pro|>ortional  to  the  quantit}'  of  blast  delivered, 
without  reference  to  its  tempcmtin-e.  On  the  other  hand,  witli  a  iixcd  volume 
of  blast,  the  make  will  be  inversely  as  the  quantity  of  fuel  to  ore  and  flux, 
Kithiu  the  limits  of  fluidity. 

The  descending  coluiun  of  solids,  in  tlic  ulterior  of  a  bhist-furuaco,  con- 
sists of  ore,  flux,  and  fuel,  in  suitable  x>roi>oi-tions ;  and  though  composed  of 
ingredients  of  diilierent  density,  yet,  by  tlieir  admixture  at  top,  they  descend 
M  moMU  to  the  bottom.  The  descent  of  this  column  is  detennined  by  the 
rapidity  or  slowness  witli  which  the  fuel  is  consumed :  suire  tliis  is  cilccted 
by  the  oxygen  of  tlie  blast,  the  quantity  adniitti-d  regulates  the  descent.  By 
diminialiiug  the  proportion  of  fuel  in  the  column,  the  descent  is  aocelemted, 
ia  consequence  of  tlie  blast  etfeeting  tlie  combustion  of  the  same  quantity  of 
fael  as  previously.  Under  such  circumstances,  the  make  mny  be  dimudshed 
St  pleasure,  hy  dimiidshing  the  quantity  of  Idust,  or  increasing  the  proportion 
of  fuel  to  ore  and  flux ;  by  tlic  reverse  of  tliis  it  may  be  increased  to  the 
highest  quantity  compatible  ^\ith  tlie  production  of  a  siiflicient  amount  of 
heat  to  maintain  pei-fect  flui<lity. 

These  consideratiuns  demonstrate  the  iucon'cctness  of  tlic  opinion  that  a 
mere  hcatiug  of  the  blast  results;  in  an  augmented  make.  It  is  obWous  tliat 
to  attain  the  increase,  the  quantity  of  fuel  must  be  rednced.  The  boated  blast 
contains  only  the  same  quantity  of  oxygen  as  when  cold ;  and  it  is  clearly  im- 
possible tliat  it  can  of  itself  accelerato  tlie  descent  of  the  column,  or  otlier- 
wise  iuflueucc  the  production  of  iron,  so  long  as  the  latter  remains  liquid. 

Qufi/ttity  and  Prc»aure  of  Bht»i. 
The  quantity  of  blast  is  determined  by  the  capabilities  of  the  furnace  and 
the  kind  uf  iron  sought  to  be  obtained.  If  tlic  furnace  is  of  the  largest  class, 
pfovision  should  be  made  fur  a  quantity  up  to  11,(100  cubic  feet  of  air  per 
Bunute.  The  more  rapidly  tlie  gnses  ascend  the  funince,  tlie  whiter  the  iron. 
With  white  iron  they  pass  tlirough  the  furnace  in  tliree  or  four  seconds :  nith 
gray  in  ten  or  twelve  seconds.  When  it  ia  dttsii'ed  to  produce  gniy  irt)n.  a 
unaller  volume  of  blast  is  employt^d,  along  witli  an  increased  burden  of  fuel  ; 
this  causes  the  column  to  descend  more  slowly.  But  tlie  employment  of  a 
BoAdently  reduced  volume  of  blast  will  of  itself  cause  a  change  in  quolit}' 
froia  white  to  gray,  with  a  corresponding  reduction  in  the  make  of  pig-iron. 


108  QUALITY  OF  CBUDE    IRON. 


Tlie  pressure  uf  blast  beat  suited  to  the  requirements  of  tlie  furnace  is 
dcpcudcut  on  circumstances,  to  wliicli  great  attention  should  be  paid.  The 
I  fii*st  of  them  is  the  width  of  the  hearth.  The  diameter  of  tlie  furnace  at  this 
place  bcin^  fixed,  the  pressure  of  the  blast  baa  to  be  such  tliat  it  may  pene- 
trate the  full  extent  of  the  mass  of  material ;  supplying  oxygen  to  all  the  fiiel 
on  a  level  with  tlic  tuvcrc.  With  narrow  hcartlis  a  low  pressure  soffices,  but 
wide  lioadhs  require  a  high  prcBsurc. 

The  dciisiH'  of  llic  fuel  also  iutlucncGS  the  pressure  of  the  blast.  Fuel  of 
a  low  specific  gravKy  cannot  ho  worked  with  a  dense  blast  in  narrow  hearths; 
wliilu  fuels  of  a  denser  description  rcquii'o  tlic  strongest  blasts  attainable. 
The  lightest  fi;el  used  in  smelting  is  charcoal,  which  is  wrought  vrith  blasts 
Avliose  pressiire  is  about  half  a  pound  to  the  square  inch.  With  this  low 
pressure  an  intense  heat  is  obtained,  because  tlie  largo  surface  which  the 
charcoal  exposes  to  the  oxygen  of  the  blast,  is  eminently  fovourable  to  rapid 
combustion.  Anthracite,  on  the  other  hand,  is  the  most  dense  fhel  used  m 
smoUing,  and  demands  a  strong  blast  in  order  to  bring  the  oxygen  and  carbou 
into  contact  with  sufficient  rajiidity.  | 

The  density  of  the  fuel  also  determines  principally  tho  nidth  of  the 
hearth  ;  it  also .  to  a  certain  extent,  determines  that  of  tlic  furnace.    Charcoal  ' 
can  onh-  be  profitably  employed  in  voiy  nan-ow  healths :  too  weak  to  supitorta 
strong  blast,  the  breadth  is  necessai'ily  Uniiled  to  the  i*ange  of  the  wealc  blast  , 
employed.     The  pressure  and  volume  of  the  blast  is  Ukcwise  inlluenced  by  ! 
tho  lightness  of  charcoal,  compared  with  the  ore  and  fhix.     This  circum-  I 
stance  necessitates  a  due  rej^ard  being  paid  to  the  velocit}'  of  the  ascending  I 
gases,  the  pressure  of  which  in  the  naiTow  bcaiih  may  exceed  the  gravitating 
influence  of  the  light  charcoal,  and  prevent  its  rcgulai*  descent  to  the  tuyere. 

Qualittf  of  the  CnuJc  Iron, 

The  commercial  quality  of  the  crude  iron  reduced  in  the  hearth  of  the 
fimiace,  is  indicated  with  considerable  accuracy  by  the  cinder  which  flows 
over  the  dam  stone.  Furnaces  burdened  with  the  carbonates  of  the  coal 
measures,  when  working  well,  yield  a  cinder  having  a  stony-gray  firactnrc 
in  the  interior,  and  a  deep  brown  vitreous  aiijiearance  externally.  Occasion- 
ally tho  presence  of  particular  oxides  produces  various  shades,  between  gray 
and  a/urc  blue,  in  the  interior.  The  gi*ay  cinder  usually  indicates  metal  of  a 
superior  quality  ;  numbered  1 .  2.  or  '•).  Cinders  of  a  colour  brown  in  the 
interior,  and  blockish-brown  outside,  geueitillj'  accompany  iron  of  a  lover 
quality,  mottled  or  while  ;  while  such  cinders  as  are  of  a  black  colour  through- 
out, invariably  accompany  iron  of  the  lowest  quality.  These  are  technically 
tcnncd  '*  scouring  cinders,"  and  contain  a  large  quantity  of  oxide  of  iron,  in- 
dicating a  cold  unhealtliy  condition  in  tlie  givat  laboratoiy  of  tlie  blast-furnace- 
If  allowed  to  llo^\'  for  a  considerable  time,  they  injure  irreparably  the  brick- 
work of  the  boshes  and  hearth ;  and  by  cooUng  the  interior,  endanger  the 
safety  of  tho  furnace.  Gray  cinders  sometimes  How  \i'ith  a  white  iron  buiden ; 
but   their   constant  production    under   such   circumstances  requires   great 
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atbendon*  dry  matenaK  and  u  fmvoutuble  furuaoc.  An  extiosslve  burdea  of 
ore  is  inTarmbly  accoiiipaTLtyd  with  n*liite  iron  fljid  scouring  ciiidar. 

In  the  castiugbed,  tho  q^ualily  is  sho^ru  very  correctly  hy  tho  surface  of 
the  bM«  of  pig  iron,  tccluflkally  termed  "  pi^"  Tho  gray  and  superior 
qnaliti^a  present  asmrjoth  round  face,  and  maintain  thf;ir  fluidity,  goaa  to  run 
into  thin  sheets ;  tho  lo^vest  q^ualitles  have  a  rough*  pitted,  concave  Bitrfacc, 
and  mn  thicHc  and  alug^shJy. 

The  chemical  compusition  of  the  iron  and  cinder  produced  by  n  blaat^ 
furnace^  lb  d^pende^nt  on  tliQ  composilion  of  the  arc,  fuclj  and  Quk,  and,  to  a 
varying  degree,  on  tJie  method  of  reduction  pureuodj  and  whether  hy  a  hot  or 
cold  blast,  or  by  a  controllod  or  uncontrolled  eecapo  of  tho  gad:3oa3  prudiit;t 
at  bop.  Probably  amoiij^t  these  uiRuenceBj  tho  quality  of  the.  ore  is  greaU^t. 
Tho  carbon,  a  powerful  and  invELrlitldD  contauiinalioa  in  iron,  verios  vriUi  tlio 
mode  of  working  and  the  qiumtlty  of  fuel  coasumed,  increasing  nearly  in  tiio 
same  ratio  as  the  cons^umption  of  fuel.  The  analyses  of  tkr(^  samples  of  cust 
iron  will  ekow  very  clearly  Uio  couijtoaiLion  of  the  crude  iroa  of  tiie  blast- 
furoace. 


A 
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0 

Iron    .    .    , 

,     .     04-07     -     . 

e9'75     . 

.     0&-018 

Sihoon     .     . 
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lOi     - 

■eao 

Manganese  . 

.    .      \m    .    . 

4'i;l     . 

.     i-aoo 

Calcium  .     . 

■m   .    . 

-21      . 

'0:30 

Magncaium 

•11    .    . 

■o:>    . 

traces 

100-09 


looTa 


101-200 


These  tlivee  auidyaea  aro  fay  Mr  Crowdcr.  A  la  a  No.  I  foundry  iron, 
from  Mortliyr  Tydtil ;  it  fatily  repreaenta  tho  average  character  of  tho  WoLiU 
ofjld  blii£t  No.  1  foundry  irons,  smelted  from  tho  best  local  ores,  without  any 
ttdmixiiire  of  hromatite,  and  with  duo  regard  to  the  parity  of  tlie  facl. 
IJ  and  C  are  white  for^^o  irons ;  tlic  first  froiu  a  furnocQ  in  the  Ebbw  Valiey. 
and  tliG  second  from  the  Blaina  Valley,  in  Moamouthahiro.  They  aro 
avtiraga  Apecimeus  of  crndo  ii'un  manufactuuGd  mth  heated  blast,  a  small 
burden  of  flux,  and  a  miieil  oro  hurd{jn.  In  both  cases  Ulo  furnaces  are 
DfcTOUght  with  tlie  top  cloaed,  for  the  purpogo  of  colleoting  and  uliUidng  tho 
gaa  whiob  reiiinins  imcgusumod^ 

The  cindor  accompanjing  C»  when  analyzed,  gavij  as  its  eonstituenta ;  — 


Silica CiO'oO 

Limo tSMT 

Alumina     .....  17':i0 

Protoxide  of  iroti      .     .  10"  10 

Ditto  mangancHO      .     .  2*34 
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Magnesia 6.04 

Sulphuric  acid    ...        '27 
FboBplioric  acid  ...        '15 

Cb-57 
Pig-irons  generally  contain  silicon,  carbon,  and  calcium  to  a  vaziable 
nmouiit,  along  witli  small  quantities  of  other  ingredients.  The  causes  for 
the  xiresence  of  siHcon  arc  not  very  well  understood.  To  the  use  of  heated 
air  an  increase  of  it  has  been  attributed ;  but  on  renewing  a  large  number 
oi  anal3'8os  of  botli  hot  and  cold  blasts,  it  seems  doubtful  if  tlie  former  pro- 
(Utecs  an  important  increase  of  this  substance.  In  a  large  number  of  cold- 
blast  irons,  Uic  silicon  ranged  from  0*38  to  2*B0 ;  while  in  similar  analyses  of 
liot-blast  ii'ons,  its  presence  was  detected  in  quantities  raiying  from  0*36  to 
:)-00  i)cr  cent.  The  variation  in  tlie  amoiuit  has  also  been  explained  by  a 
c]ioinical  hypothesis ;  but  the  more  probable  cause  of  tlie  reduction  of  flint 
or  silicic  acid  to  metallic  sihcon  is  inequality  of  temperature  in  the  hearth, 
arising  from  tlie  imperfect  mode  of  appMng  tlie  blast.  The  points  supplied 
with  an  excess  of  air  arc  heated  sufficicnUy  to  reduce  the  silicon,  though  the 
average  temperature  of  tlie  heartli  maj'  be  veiy  low. 

Tlie  quantity  of  carbon  conibijiod  with  the  iron  appears  to  Imj  dependcut 
on  tlio  fuel,  and  on  the  rapidity  with  which  the  charge  descends,  as  well  as 
on  the  character  of  llic  ore.     In  tlic  preceding  example,  the  gi'ay  contains 
I    nillifr  more  than  the  white  iron ;  but  tlic  reverse  of  Uiis  sometimes  occurs. 
\    As  a  nile,  the  colour  of  tho  "pig'afiords  no  criterion  of  the  quantit}' of 
I    cftil)on.    AVith  the  smue  qnimtitj',  tlie  iron  may  be  cither  gitij',  mottled,  or 
white.     Ores  of  an  oi^en,  j'-orous  dopciiption,  such  as  tlie  carbonates  of  the 
coalmoasuros  and  the  carboniictous  ores  of  Scotland,  are  favourable  to  a 
high  pcr-oentage  of  carbon  with  the  metal.     The  deiise  hnmatites  and  mag- 
netic oxides,  oil  the  other  hand,  smolt  into  iron  Im^-ing  a  minimum  per-centage 
of  carbon.     Tlic  production  of  gi*ay  ii\)n  from  these  ores  requires  that  tliey 
be  reduced  to  a  small  size,  so  as  to  increase  tlie  surface  exposed  to  tho  action 
of  the  gaseous  caibon.   A  rapid  descent  of  tlie  charge,  which  affords  a  shorter 
period  for  tlic  action  of  the  gases,  appears  to  result  in  a  diminished  quantity 
of  carbon  in  the  iron. 

Calcium  appears  to  enter  into  the  composition  of  nearly  all  x>ig-irons.  and, 
from  compai-ison.  it  seems  less  variable  in  airountthan  tlie  otlicr  ingredients. 
A  Kaiuple  of  cold-blast  white  iron,  with  a  high  yield  of  limestone  flux,  gave 
(»■»).'»  per  cent,  of  calcium ;  while  a  hot  blast  white  iron  afforded  only  0-20per 
cent,,  being  the  smallest  quantity  obser^-ed.  Altliough  the  presence  of  cal- 
cium demonstrates  tlie  existence  of  a  shght  affinity  between  that  metal  and 
iron,  the  great  bulk  of  calcium  pas-ses  into  tlic  slag  as  hnic.  The  suggestion 
offered,  respecting  the  variable  amounts  of  silicon,  applies  also  to  the  calcium 
in  cast  irons ; — namely,  that  it  is  reduced  at  intensely  heated  points  of  the 
hearth,  wliilc  other  points  may  bo  comi>aratively  cold. 

The  quantity  of  niagncsiH  reduced  to  the  metallic  state  of  magnesium,  and 
entering  as  such  into  the  coni]>osition  of  pig-iron,  is  small ;  by  comparison, 


coMPoeiTios  OP  cnuvE  iron. 


201 


owever,  tlie  porUon  reduced  npxioars  to  bear  Beaily  Xha  same  rutio  to  Uie 
qnasLity  entering  the  furnace^  as  do  the  quantidos  of  silicon  and  cnlciuni, 
reduced  fjom  tbeir  respective  oxides.  Hence,  its  presejico  ig  probably  due 
to  the  flame  causes. 

Manganese,  TV'hen  present,  appears  to  enter  into  tlie  composition  of  ci^tde 
irons  to  a  lurgur  extent  tlian  eitJier  of  tlje  foregoing  subfitajices,  Most  of  Hie 
eitrboualcs  contain  smuU  qnnntitieB  of  ninjigHuese  compounds^  wlii{.'b  appear 
Uj  bo  parllj  reduced,  the  resulting  mangaikeBe  ultimately  eontbining  inUi  Uxe 
Ixou  in  tho  lower  lieartli.  In  the  ease  of  iUe  oiiBlyaiB  numlunxKl  B.  the  quan- 
tity of  joaiignncse  is  nnusuidly  large ;  a  cirt^nmstmice  probably  oviiiig  to  the 
mongaiiifiTous  iron  ores  of  West  S4>nier»et  Inimg  Iwgcly  UKod  at  tbest.'  works. 
The  ClLiiHiiit  crude  irons  snielt.tid  enlirely  from  orefi  of  Uiifl  daes,  display  a 
pi'optuUonately  larger  atbnixture  of  lumigaivet^e  up  to  F<  per  cent. 

The  phnsphonift  of  the  ore  appears  to  combine  ^*it]i  the  iron,  paBEing^ 
for  tiie  most  purt,  into  Oie  crude  esst  ii-on^  but  to  a  small  c^tleiit  into  t]iG 
rijider*  It  in  coinnioiily  eiippoBed  that  the  tntire  quantity  of  phtiKphoric  acid 
of  tlid  ore»  ia  found  in  the  cnide  iron.  AiiiiJyses,  lion  ever,  deinoubtmte  Uiat 
this  occurs  ouly  wlien  the  cinder  is  neaily  ilcToid  of  that  metaJ.  The  pro- 
rtion  ivluch  the  quoutity  cntei-infr  the  cinder  Lcnra  to  the  whole^  is  in  the 
«unc  mtio  us  tlie  iixm  in  the  ciiidor  is  to  the  quantity  of  iron  entering  the 
fiLriiace.  Scoiuriiig  cinders  generally  contain  uotablo  qnuntitleti  of  pbos* 
phorua,  a  circuinatiLUce  Rtti-ibnlnble  to  theii'  larger  percentage  of  iron.  The 
<lUiuiUty  of  phosphoi-ua  in  hut-bhist  irons,  ia  generally  greater  thitn  in  cold ; 
hilt  a  satiafbictory  explanation  of  the  cause  lias  not  appcnjed. 

Sulphur  forma  a  very  gcuenJ  ingredient  in  tlie  eonjipoaition  ftf  crude  iroJi. 
The  nniount  varies  witli  tlje  quality  of  the  fuel  wid  ore.  aa  also  with  Uie  motle 
of  wurkiiijj ;  being  lai'gcr  in  hot  than  cold-blast  iroiia,  and  largest  of  all  in 
irons  jiroduccd  with  a  diniinishtid  d&pth  of  muterial  in  (Jic  furnace,  as  ta  the 
oaac  of  apjiliancea  for  Hie  utilii^iDg  lh&  gaf^eous  products.  In  eome  hot  blaat 
famaces»  wrought  on  this  sr^temT  tlie  quantity  forms  nearly  2  per  ticnt.,  by 
wtd^hti  of  tiii^  iron.  The  Hul[ihui'  nmy,  Ju  inost  eases,  be  cuiuiidenibly  tUim- 
uJAhed  by  u^iitg  an  excess  of  lime.  Coinmou  salt  is  an  old  imd  udvant&geous 
ramedj  for  the  same  dcdect. 


......    i  uin.'  -t  int.-  iiiiiiimiT;t!'I. 

lilly.  Ill ;  s:n"U'-r  r.irri.  .^  ">!i  ihi*  ti)iii 
iii^s  ;tiv  rivijiii'iitly  iiiailf  I'V  i-u!ijii;i'. 
I''iniii--t:  inlii  lu.aiMri.     Al-  uth'T  tii.i-' 

0rC0UVt'lMi.'Ut  si/»''.  :illo\Vt;l  I')   nniil,  , 

rumoltiu;:;.  This  plan  iiilords  fiu.'iliii( 
charged,  luid  is  l'i>ll«)\\\*d  wluiiu'vo..*  i* 
ruquirod  in  tho  cnstiiigs, — us  iu  thu  oast 
bcauiH,  ftiid  InLiiiirworU  uf  r'H^rincs  ;  fm 
and  tiiiiiilur  woi-ks  ro>]iiinn<^'  iuidou1;!i' 

The  reinolUng  funuiccs  aro  of  t\ 
tochnicidly,  thoy  nro  dlsliiij^uishiHl  iv 
and  "  cupoliis."     Tho  ftirnirr  arc  lar^ 
funiaccH.  built  of  fire-brick,  havin;;  a  li 
Olid,  from  Avlionoe  tho  priHlucls  of  (.'uinbi 
the  charge  on  to  thu  thio.     The  iloor 
part  is  made  slojiing  to  the  divisional  i 
liighest  part,  the  ch>ir>^e  of  pigs  in  laid, 
to  tlio  inti'nse  heat  reflect^nl  from  llio 
roof,  nntil  fused ;  when  it  llowa  ovur  tho  i 
bottom  to  Die  ho:u-th.     Tlio  dniught  i» 
a  lofty  chiintioy,  bound  with  iron  hoops. 
with  a  regulating  damper  att^ix>,  as  sh 
gmving. 

Tho  dimensions  of  tlic  furnaces  arc 
proportioned  to  tlio  magnitude  of  tho 
work  generally  performed  in  them , 
namely — from  :>  to  10  Umn  at  a  enst- 
ing;  which  is  tlio  common  r:ni;:!e  nf 
their  capacity.  Dooi*s  arc  provided  on 
one  side  for  charging  the  ]tig  iron  and 
supplying  the  find :  an'i  "••  '' 
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:estitir>'  lur  fii^ou  ig  mftitilaiued  bj  a  fnn  or  other  blast.     Tlio  iiit«riur 
icnsions  mensnre  from  1^^  inches  to  d  or  4  feet  in  diameter,  aud  it  to  10  or 
13  I'eet  in  height.     It  is  coimaoiily  made  of  iron  pltites.  bolted  toge(hoi%  and 
lined  in&idG  with  the  bctnL  lire  bricks  to  ti  tliicIateBS  of 
V  or  10  inches.     The  blast  (i!ij1J)i  is  supplied  Ou'ough 
one  or  tiK'O  tuyerea,  "nliich,  for  faoilitj:  of  oporaliny  ou 
varitbblc  quftutities  of  iion,  arc  bo  nindc  that  ilicy  caii 
be  insf rtt'd  at  diifei-cnt  hi?if*hts  of  the  i'liraflfc.     At  tli*' 
bgltoiu,  oil  the  side  adjoiiiiug  tlie  Ibundry,  an  opening 
id  k-Jt  for  tapping  tlie  mptiil  iiiul  rcmovinj: 
any  cinder  or  other  matter  adhering  to  tbc 
sides. 

Each  of  these  remelting  fumacDB  pos- 
fiesses  cortmii  advimtages  of  ila  owti.  Tbp 
flir  furnace  is  preferred  where;  tougluiesG  autl 
au  homogeneous  tslructure  pjerequirtd;  the 
Blight  decari}oiiatiiig  ijiflnence  of  Uie  rever- 
berating coliuiiji  of  earhonie  acid  and  otJier 
_ .  produats  of  combufition  frmn  tlio  tire- 
.,  ■  place.  ai^peiLTn  favourable  to  a  retcn- 
Fuiiii*ltr'ft  Cj^jola  runiacp.  tlon  of  strenn^lli,     Tlie  iron  So  ti'uatod 

can  be  filed  and  cbippcid,  and  othcnvisc  eut  to  ediape,  with  groat  fucihty.    It 
contmcU  Icsh,  and  with  ffreiiler  regnlarily,  than  a"ou  oUiorniKe  treated. 

CupolHs  are  less  expensive  to  erect  where  a  supply  of  blast  eim  bo 
nbtjuned  cheaply ;  nnd  for  many  operationo  are  extremely  useftil.  Smdl 
qimntitiesi  of  iron  mtiy  bo  iidvjuitageoiwdy  fustjd,  ftnd  by  inejins  of  ladles  con- 
veyed RimnllttiicMtiiK]y  to  several  pttrt^  of  the  foundry.  Custinps  from  cnpoJofi, 
however*  &ro  wenltei",  atid  lets  to  He  depended  on,  than  tlioae  from  idr- 
fnrtioees.  In  coivJiec|ucnee,  also,  of  the  Cftrbom/ing  action  of  the  blast  on  tbc 
metal  iu  ihe  furtuifc.  ttic  cusUiigs  pcodutjed  ore  genernlly  very  hnrd^  difficult 
to  cut,  lUid  diHpused  to  fly  (Inealt  spontftneonsly* Ibrotigh  un*!qtml  contruction) 
whikt  cooling ;  und  even  nftemardij,  danger  is  lo be  ajiprebended  from  siiddou 
changes  cjf  ti^tiipGrnttire.  Ilie  teasile  strength  is  inferior*  and  probiUdy  adat s 
fi-om  partial  diBruptiou  of  the  cohefiiun,  through  uneqnal  contraction  in 
cooUug. 

By  tlie  founder,  iron  casUnga  are  distil) guisbed  as  open  sand,  green  swwl, 
tXry  Eiind,  lunm*  or  cliiJled  cftating!^,  according  to  the  mode  of  utuuliJing. 
Occasioniiily  n  contplex  piece  eruhrhecs  tviro,  or  even  all  five  tnclhods,  Tht' 
frf/rn  $itmi  method  is  ndiipted  for  I'oiigb  ai'ticles,  snch  aa  flooring-plittcs,  and 
otJjfr  castings  in  Tsliich  ono  Bide  is  pcnuitiL'd  to  be  iinovrn.  Given  atind 
mt'tihUu^j  is  liir^^ely  practised  i;i  the  prodndion  of  stove  fronts,  pans,  eroall 
pipott,  and  ihe  inn  time  ruble  euiaU  nrticicB  of  commerce,  plain  und  oruameiited, 
of  cnst-iron.  Drtf  sutui  ib  appUed  to  litrge  pipes,  enjjinc  and  niilbwork,  to 
girderf*T  and  otlier  largo  castings  requiring'  great  f^trength,  Loum  i&  a  modifi- 
cation of  the  dry  saud  mothrKl,  and  is  principally  apjilied  to  large  eirculaa' 
GOAtingSr  such  bs  evUndeirs  and  'nbeclsi.     ChiUttl  ffUfimjn  aro  tliORe  Cfist  in 


_..    .    iiu;  lU'iUl  Willi    il    ~|~    i.V;-] 

ii'^^htly  nmu'l  it  in  smull  nM.tiitiiir.-. : 
'..ti'.      Ti;.'   >:i:i"l.  pbu-.-  I  i:i  r  ■::{  i<-\  \ 
.-il't'-d  t<»  Sfp:iriiti:  :iiry  |>;ii*lifK-^  df  in 
lite  tampitiL,^  is  ilisiMfiitinuid.  :iuil  tlic 
11  siniiU  tiMWL'l :  to  stivii^'ihoii  tlie  o 
drops  of  WiUor  aro  spriiiUfd  ovrr  ll; 
so  as  to  pass  luidcr  the  imnU'l  v.ithi 
sand  all  arumid  suvcral  tiinrs;  Uii.>  lui 
au  iron  spiki;  is  scnnvod  into  tliu  tup, 
ii  from  the  sand,  when  tlio  niouldor  v. 
removal,  it  is  ina<le  rather  hirj^er  ahu 
saiul  partially  proventod  hy  siiitruiii;.,'  t 
of  any  portion  of  the  sand  bavinjj  hei 
model,  the  dama^^e  is  repaircil  witii  a  h 
The  interior  is  thi^n  dusted  over  with  so 
or  charenal  dust  silted  tliroui^h  a  hi>i-se 
sand  casting',  tho  ed^jes  of  Iho  iiMuld  ar 
heftV3'\vei;^hts,  disposed  wherever  tliero 
edjios  of  tho  mould  protoeted  l>y  thin  j 
weights  or  sprigs,  that  the  pressun?  (»f  t 
ftand  wall.     IVoni  tho  top  of  the  iiiniild.i 
small  canal  is  made  in  the  sand  hed  le.i 
»maU  pit,  into  which  tho  luetal  is  p4>in'i. 
with  Uxc  mould  is  closed  by  a  small  im 
the  adhesitni  of  tho  iron  until  castiu';  tii 
is  continued  to  the  bottoiu  of  the  model 
distance  from  tho  hody  of  tho  ititond(;d 
or  more  Immches  to  tho  canal,  to  con 
mould  slmultanoously. 

The  iiUiiij^  of  the  mould  demauils  j,n'< 
as  rapidly  as  may  ho  «»■"•■*■     ' ' 
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property  of  decompoBiiig  water.  The  molten  iixsn  is  oarefiiUy  Bklmmed  froui 
tiine  to  time,  and  nny  oxidizod  matter  removed  from  the  siirfiice.  If,  at  Llie 
t^rmiuatioD  of  the  ninnijij^,  the  mould  appeal's  to  be  JiUiiig  imcquaU;v'.  the 
defect  is  remeilied  by  tliB  atljactint  stop-gjitL'S  hcin^  op(?.ito<t  or  shut,  as  tlie 
circtiiu stance  may  require.  Tho  molten  iron  is  never  poured  direct  froiu  a. 
vessel  uito  the  iiionld :  but  in  n  mould  purth'  filled,  it  is  sometitnes  allowed 
to  Bow  dii*ect  from  Uie  lai.llo.  Tbe  rtiiiiiiiig  fimuliod,  tlie  f^tirfiice  of  tile  metal 
U  iisimlly  ^prinldod  i^iil)  a  little  ilry  stind,  tLud  the  cMit^tiiig  l^ft  ill  its  b&d  until 
suflacifiitly  4V>ld  for  rcmoviil. 

If  soundiiosa  is  required,  no  casting  of  imy  Mnd  flhould  he  removed  until 
cooled  down  tliruugltout.  to  williin  a  few  dej^eos  of  the  atmosphere  \  and  in 
tho  nist;  of  o|jeu-nm  esusUngs.  ft  Ibiclt  caveiiiig  of  siuid  should  be  npplied  to 
rt'tftiii  tho  heui  If  removed  tmt  soon  nl'ter  eostlnfj,  tUe  piece  is  iiTepw&bly 
i^xakciied,  if  not  fnietured  a.nd  lost.  "W'fLnt  of  room  in  a  confined  foundry  is 
cmnmonly  adduced  as  a  renst'ii  for  turning  nut  tlie  work  ns  soon  as  it  has 
polidiiied :  hut  n  detiire  to  turn  out  more  work  Uian  the  foun*hy  is  capable  of 
producing,  id  perhaps  nearer  the  luivrk.  Frotn  whutever  cmifle  it  mtiy  aiiac, 
it  is  too  evident  that  rnnny  disttstrotis  accidents  haxe  nHsen  Ciom  tliebreakBge 
of  girders  mid  mill  machiBeiyt  reatilting  solely  from  inrtttt'n1ik>n  to  this  point ; 
th\t»  occiu>toning  great  niisti-ust  in  cast-iron  as  a  material  of  coQatmction, 
and  lowering  its  commercial  value. 

G>«en  SoAd  Castlngfl  difi'cr  from  open  aiind,  in  being  covered  M-itli  the 
half  of  a  hos  during  tlie  proct'ss  of  caatuig, 

The  j^een  saud  of  the  founder  la  on  ar^iUaeeons  sand*  in  the  Etaie  in 
which  it  ia  raised  from  the  grftvtd-pit,  having  been  first  sifted  tlirou^h  ft  fine 
wire  sieve,  ctirefully  miiiced  ^vitli  about  one  twtlftli  of  its  volume  of  finely 
powdered  coal,  and  slightly  moistened  witli  ivatt-r;  in  tlii«  atate  it  retains  tin: 
«xnet  fonn  of  any  object  impressed  on  it^  Thia  mixture  ean  ouly  be  uKtjd 
onee  for  the  fonnatiori  of  moiildB,  being  aflonvards  omploj'ed  for  filling  tip.  In 
order  to  obtain  tlie  fonn  of  tho  pattern,  the  moulder  takes  a  caatiion  frame, 
which  13  tilled  fl  itli  sand  and  closely  rammed.  Taking  tho  pattern  from  which 
tlio  easting  is  tti  be  tiiftdCf  the  Morkinan  scratches  on  tho  smooth  am-face  of 
the  eaiid>  and  iu  the  centre  of  tlie  iron  frame,  a  rnugli  resemblatice  of  tho 
model,  which  is  embcildod  into  the  sand  to  one-half  its  thickiiesa;  it  ia  then 
sprinkled  over  ivith  eh:ircoiil  duet. 

A  oouutcrpnrt  of  tho  cast  iron  frame  is  now  filled  in  b  fiimilar  minmer  "vvitli 
sand  closely  packed,  dusted  over,  ulso^  \Tith  eliurroal  dnst,  and  placed  upon 
the  mo«iel ;  by  this  procesa  a  mould  of  Uie  otlicr  half  is  impressed  upon  it,  tlie 
charcoal  dust  preventing  luiy  adhesion  between  the  two  parte  of  the  frame.  The 
upper  frame  is  now  carefully  raised,  and  the  model  removed  from  the  lower 
frauie,  any  phght  imperfection  in  the  mould  being  repaired  by  tlie  use  of  a  httle 
moistened  sand,  and  a  flniall  trowel  shaped  for  tlie  purpose.  The  two  parts 
of  the  frnmo  are  now  joined  together  by  metiiiH  of  corresponding  pina  and 
bol<*s,  and  a  eavity  reninius  of  tlic  form  of  the  required  casting. 

SibJiU  articles  also  have  a  bottom  box  \  and  if  of  a  complex  foitn,  mjiy 
require  sevemi  boxes  fur  their  complete  formation.     Pulleys,  for  inntauoe, 


'J'lii-iii  mliiiiiu-'i  I'  lil'-;.  s.  ii-i  Vf.|ii 
liu-  priu'ipli.'s  (il'lii  nvi.  Tii.-  m.  >l 
iii  I'i;/.  1.  i.i  inniltj  in  t.\o  luilvt  s.  liu 
If  several  aiv  to  lu  cast  lV;«ui  th<:  .su 
uast-iroii  one  is  tMniiiioiih'  mnilu  fr 
hatterii.  ami  subsc- 
ipieiitly  Ihud  to 
iomovc  any  aspcri- 


ruUcy  . 

lies  on  tlio  surface.  Tii  tho  liottmii  pai 
of  the  inodfl  is  inoxildt^d;  all  superiUnv 
i-arefvilly  sniootlKnl  over,  and  finc  trliar 
.if  tho  nioilel  is  i\Uv^.  on.  and  tho  mi-ld. 
1  lis  portiuu  of  the  box  tho  hollow  tul^t: 
twellliy  rifercucclo  IV-  ■^  v.-ln.-n'  llio  t 
lire  sliowu.  drawn  slightly  asiuulor.  Tl 
ihe  surface  dusted  i)roiJHratury  to  iL-fovt 
>lacc<l  on  the  miJiUo  part  and  the  uj 
I-[ftviuR  left  anorijice  fortho  entrance  of 
nf  the  air  the  top  part  ia  lifted  oil',  with 
to  it.  T\iG  middle  part  ia  next  lifted  o 
stind,  filling  lip  tll0  hollow  periphery 
halves  of  the  un)del.  the  parts  of  the  1 
iiig,  as  Bhowu  in  V'va.  *-*-  The  eharoo; 
from  adhi'vin;:  io  that  iu  tho  otlieis. 
Dry  Sand  Castings  "re  usn:>i^ 

hvf'ri-"*--  '■•■■    ' 
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while  thero  is  less  chance  of  its  eliilling  in  the  luuuld  j&rom  the  baJdug  process 
which  tt  imiitti^oca  bt^foix-  intruduciDg  tlm  laetul. 

In  ftl]  casting  piTot^esseSi  mncli  of  the  succpss  of  the   operation  depondd 
the  fikilful  uiamp Illation  of  the  moulder  ;  on  liiin  niui^t  dtpeuU  the  adju^t- 
t  of  the  mould,  oud  the  weight  of  the  mciol  with  vvJiich  it  is  oliarged,  the 
PLdiiii3.luri!  of  tho  maltriuis,  widi  that  degree  of  porousness  necessaiy 
for  the  eficape  of  tlic  gasGs  as  thej  uru  geui'i'utL^d  by  Uic  jluid  met&l. 

When  complete,  tlio  several  ptuta  of  Llie  box  ore  taken  aeparately  to  ft 
lArge  oveu,  or  dr}'ing-stove,  aud  tlioiou^ldy  diied,  to  expel  all  moialure  &om. 
the  Band.  Aftenvarda  Uitj  interior  of  tlie  mould  1^3  blackeiied  witli  thick 
Trn&bes  of  ^ound  chaiToiJ,  or  coke,  worked  up  with  water  to  a  proper  von- 
sietettce.  It  is  agaiu  dried,  aiid  tho  ecvoral  parb  adjusted  to  t^ach  other. 
If  the  "box  seems  to  require  Gtrcii|;;llii:miig  bofore  the  performance  of  caat> 
iug^  it  is  Biiiik  in  tlie  saud,  Level  i^itli  the  floor  of  tlio  found);)  ;  and  on  the 
upp€r  part  are  laid  several  heavy  weiglits,  supplemeutal  tu  the  eide  keys,  iji 
keeping  tlio  structure  rigidly  togetlicr  mider  tLe  pressure  of  the  liquid  iron. 

Several  peculiar  configurations  of  cast-iron,  also  each  holts  as  niay  be 
reqtiircd  in  the  cflstin^,  whether  largo  or  smoU,  arts  fonned  with  cores,  or 
loaae  pieces  of  &and»  sU^i^igtJicucd  ivUcrevcr  necessary  b^  tiitorDol  iron  bars 
antt  buinea.  Thetie  cores  are  miulo  by  tightly  raiomiitg  llie  bi^st  gaud,  in  iron 
or  wooden  boxes  of  the  reqidrcd  «hape,  and  then  piftciug  them  in  the  stove  to 
diy:  BuhBequeutly  they  are  blackened,  and  treated  as  the  other  party  of  tlio 
mould.  By  means  of  a  aystew  of  hollow  and  solid  cores,  all  (hustings,  what- 
ever be  Uidr  configurution,  may  he  made  wiUi  comparative  faeilily ;  and  not 
nnfrcqiicntly  pieces,  the  coustruclion  of  which  would  seem  to  involve  diffi- 
culties, arc  n^ade  witli  only  a  few  core-boxe^  and  a  plum  model. 

Loom  miffifciding  dilfers  from  the  other  metlimls,  masjiiueh  oa  no 
models,  or  core  bo\eB«  ore  used;  but  the  moulds  arc  made  directly  fimm 
ilrawings  of  Lhe  objects  to  be  produced.  The  mould  is  made  of  a  mixture  of 
e]fty,  wakr,  sandt  and  cow-htur,  which  is  iirst  reduced  to  a  ptistet  and 
Uiorougldy  kneaded  in  a  pug-mill.  Thia  mass  la  made  to  assume  the  required 
form  by  the  use  of  various  mstruiaents ;  the  propoiiions  of  tl^e  various  in- 
j^radients  being  changed  to  salt  dilferent  puiiwses.  The  preparation  of  the 
loam  mould  h  frequently  a  difhcult  proceed,  requiring  a  sldlful  moulder,  as  he 
lA  sometimes  required  to  shupo  and  mould  very  complicated  forms  witti  only 
bis  eye  1<>  re}.(^ulate  his  toob.  The  profile  of  the  eircumfereuce  of  the  required 
casting  la  cul  on  a  gtout  l^oard,  and  attached  at  t)ie  requiaite  radius  to  tt  ripd 
iron  spindle,  wliieh  freely  turns,  verticallyi  ou  suitable  beoiinga.  Tlie  mould 
for  a  largL^  eyliudcr,  for  iuatancet  is  commenced  at  the  bottom  of  ft  di*y  pit  in 
the  foundry,  by  lading  a  coui'se  of  brick  euit»  an  the  loiuned  bottom  to  the 
rMcb  of  the  sweep  hoard,  and  eoverini^  their  upper  atirfaee  a4id  face  "with  a 
Uyor  of  loam  (sand  worked  up  to  Lhe  consistence  of  thin  mortar,  utreugtliened 
by  B^^ine  weak  fibrous  subsUmce).  Tlio  bourd  is  jiow  swept arounJ.  rt-moWng 
aiiy  BUperfluou-s  loam,  aiid  a  second  course  of  bricks  laid  an  the  fii-st ;  loam 
Lh  adilcd  ;  wid  iu  tiiis  manner  a  rouyh  wall  uf  Uio  reqiiii'ed  height  hi  built- 
The  inside  ia  well  phiblered  with  loam,  whieh  i:*  wrou^dit  lo  Uie  preeifle  fonn 


M^ay  or  Straw  rope, 
and  tlien  Uic 
usual  coatinz    of 


nt.i. 


TooCh-wludHot 


louk,  dipng  and  bladcening.  The  gase 
oon-bar  escape  thron^^  the  email  holes  i 
bar*  and  out  at  the  ends  where  they  art 
aUovr  of  th»pipe  eontrmctiug  in  cooling,  w] 
■nbataiioe,  and  pemut  of  the  ready  withdra 
The  monMfag  of  a  large  tooth-wheel 
tlka  m"*"****  in  which  eaatings,  partly  in  1 
worited  np.  Hie  moulding  of  a  wheel  w 
pUdiad  by  loaming  a  level  rarfiuie  in  the  w 
of  a  tnmmel  working  from  the  centre,  a  n 
oombos  (fig.  8).  The  model  teeth  in  ihi 
in  liuir  plaoe  hf  pawiring  through  mortimio 

<    --    *    in  ■■I- ill  '    •■ 


PUEOAUTTONS  IN  LAUGE    CA«TINGB, 


aoy 


I,  by  moaiL3  of  the  taper  pxns  and  crosfi-keys,  previous  to  poimng  in  the 

m&tal,  is  an  operation  requiring  grGfltciireon  the  port  of  the  operator. 

^nid  cast-iron  presses  witli  n  forco  (exceeding  one  pound  thesqiiSLreincli 

the  column  ia  four  inphca  liigh.     Cti3tm;T3  are  frequently  made  and 

ttU  tt  colnmn  of  liquitl  iron  ten  f&et  hi|;h  ;  in  Tvhich  case,  every  inch  of 

mid  exposed  to  this  colonui  has  to  rosist  a  bursting  pressure  of  more 

[thirty  pounds,  or  about  one-half  the  preasnrci  t^^  \vhich  Ligh-presanrc 

^boilers  are  snhjected.     Under  such  cir<!unist&nces  the  boxes  require 

!greEit  atroEgth,  perfectly  rigid,  and  hoimd  togetlier  at  short  mtervals 

iron  bands,  in  jidditina  to  the  pins  and  keys.     In  green-sand 

le  column  of  metal  is  usually  much  less ;  but  the  Burfaca  extended 

Ltally,  demanda  nearly  the  same  precantaonary  meaaurea. 


^UL  M£TAU« 


^    --,-..  ;/uw  ur  10  resist  fatigue ;  a 
crushing  forces :  to  these  must  bo  ac 
turner — 0.  lluiditj' ;    (i.  hardness ;    ani 
oilier  quaUties  arc  sometimes  sought 
essentials  required  in  a  good  cast-iron. 

It  is  well  known  to  founders  and  m 
qualities  for  which  a  given  cast-iron  ma 
considenible  modification,  improvement 
special  treatment  in  the  hands  of  the 
general  qnahtics  of  the  original   crud 
measnre,  on  the  chemical  composition  c 
the  smelting-Aimace :  but  with  similar  i 
ftunace,  the  temperature  of  the  blast,  th 
and  vaiioufl  other  causes,  are  found  to  < 
omde  iron  of  the  blast-furnace,  however 
valuable  castings,  until  it  has  undergon 
fijUowing  remarks  will  apply  only  to  iroi 
suumor. 

The  importance  to  the  engineering  pro 
an  elaboEate  seziea  of  experiments  on  the 
genenllj  felt  fer  the  last  quarter  of  a  cent 
pzoMontioii,  and  the  expense  necessarily  ii 
prirate  indlvidiud.  Several  engineering : 
on  the  metal  as  preliminary  trials,  prev 
wodcs ;  and  the  Britasih  Association  for  tl 
•  Bnall  sum  of  m<mey  for  some  limited  ey 
lIo(E8  xeoenlJy  a  oommismon  was  issued 
apl^ioaiionof  iron  to  railway  structures;  ] 
lug  the  stability  of  a  few  railway  bridges, 
rf  engineers  as  to  thp  w»»^*- -' 


I 


TES»[LE   STRENGTH    OF  CAST-IROS, 


ail 


U&ble  KLorJ  of  cxpcrimeuLal  wsearcliea  on  tlie  metnJ  yet  issued  in  any 
iiuitrj  ;  and  contnisLs  moat  favourably  with  the  niamier  in  wliicli  aiiailiu: 
searches  are  nndertakeii  and  conducted  in  En^'laud.  From  this  work»  m\d 
Mn  priratc  rcsearcheg,  Tvijj  he  cuUocted,  m  a  coud^iised  foxm,  a  few  of  tlio 
iucipoi  known  facts  relatiug^  to  the  qualities  of  cast-iron. 

^  Tensile  Strength  of  Catt-iron. 

nEn  all  puqvoses  to  ^^-hich  cast-iron  is  applied^  tenacity  is  a  qiiidity  of  the 
■St,  if  not  ijf  paramount  importance.  Transverse  eh'ength,  Uie  next  in  the 
te  of  importance,  is  directly  dependent  on  the  (ezkacity  of  tho  metal. 
Bee,  in  all  well- conducted  researches  into  the  qualities  of  pig -ii^n,  tenacity 
Ees  precedence  of  the  others.  It  is  iufluoaccd  by  scvoral  cituaeg,  separately 
id  combined  ;  the  cliitif  of  these,  bo  far  as  yet  aauertaiued.ia — 

T^npemtitre  of  tli4  Shut  jtsett  in  the  Mettuction  of  Cati-irtm, 

TViUi  the  invention  and  application  of  tlic  liot-blast,  there  oroae  a  very 
aeril  belief  tlmt  the  new  process  tended  to  largely  deteriorate  the  tensile 
fmgth  of  the  pig-iron  produced.  Witli  ilic  existing  fumacua,  however,  the 
reiiUuu  in  one  distdot  i^tFt^L-Led  such  a  considerable  aaiing  of  coal  in  tbe 
niace,  that  the  generally  lufsrior  character  of  Uie  iron  prepared  witli  it  was 
ntroverted  by  tlie  inaiiiifaeLiu'ers,  Awd  at  tlie  present  day  <Jie  inferiority  is 
ry  frequently  aAcribed  b_y  ■\i-ritera  to  the  facililius  which  this  invention 
brda  of  worldnj^  up  inaU'iiala  of  a  quality. inferior  to  tiioae  capable  of  being 
laced  by  a  cold  bloat.  Recent  rcaearches,  however,  have  demonstrated, 
it  with  siinilor  ores,  fuel,  tiud  flux,  the  quality  of  hot-blast  iron  is  greatly 
ferior  to  that  of  iron  smelted  ^-vith  a  cold  blast. 

The  experiments  made  for  the  British  Association,  witlj  a  view  of  settling 
ia  point,  Tvero  the  first  of  then-  Mnd  publicly  mtdertaken;  and  the  rcaulta 
e  subjoined : — 


Carron  No.  2  quality  pig-iron  .  . 

„             do.               do.          .  . 

,»      No.  3  quality  pig  iron  .  . 

„  do.  do.  .  ■ 
Cood  Talon  No*  2  quality  pig-iron 

„           do.             do.         .  ' 

Biiffercy  No.  1  qaiality  pig-iron  . 

rr  do.  do.  .      . 

The  number  ofptg-irous  tested  was  sixteen ;  and  it  will  be  observec!  that, 
ith  one  exception,  the  cold-]i>last  irons  ore  greatly  supcriur  to  tho  hot.  Xhe 
3gJe  exceptional  cose  led  the  experimenters  to  the  concluaiou,  tliat  Lhelowor 
talideei  of  iron  were  improved  by  tJic  use  of  hot  air  to  ntai'ly  the  same  ex- 
it a«  the  higher  qualities  were  deteriomted.  This  contluaion,  howeveXr  wais 
uulod  on  a  tinglo  expcriim  ut ;  and  to  have  been  of  lUiy  viiluo,  a  fresh  p»r- 


Tenacity  in  Iba, 

pur  sq.  in. 

,    hot  blast    Vi,^0^ 

.     cold 

,,       10.li83 

.     hot 

iJjr>& 

.     cold 

„        1-1,^00 

,     hot 

M        10,G7U 

cold 

3,        18,9r.5 

.    Lot 

„        13,434 

,    cold 

„     i;,.iGe 

■ 


,  v..-t.iiiii  «i.  tl;e  stnn.^tii  i>t  v 

J)o.  dv. 

Subscqiiontlv  (xjHrinu'iils  woi 
wmeltcd  in  an  uii-l'iunaco.  alsD  on 
nearly  the  siuno  as  those  ociumi 
being ; — 

Monn  bruakinjT  weight  of  f 
Do.  do.  s 

Tlic  discovciy  tliat  a  cold  hhxst  t 
used  in  forcing  fimiaocs  using  nnthi 
tiials  being  made  at  the  Ystulyftra  \ 
CGSsea.  The  result  of  a  large  nuni'i 
the  fact  of  n  large  deterioration  0( 
rclatiA'c  sti*engtlis  of  the  two  irons  hoi 

Anthracite  ii*on,  cold  blast  . 
Do.        do.  hot  blast   . 

TltcBe  experiments,  made  on  irons 
circumstAnccs  precisely  equal,  tt-miK] 
conclusive  as  fur  as  regards  the  ir^ms 
the  United  States  were  made  priucipa] 
results  are  even  more  uufavourabk'  to 
tenacity  which  follows  on  Uie  hefrting 
statement  of  the  cilbcts  produced  on  th 


Blast  cold  ... 
Do.     heated  tu  l-'>:i 
Do.         do.        :ii'<i 
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tUe  most  ample  proof,  that  in  every  c\i&&  tlie  inf'Qrior  lUeUU  tiod  bueu  produced 
from  hot-blast  iron.  In  tlja  case  of  aOTenteen  guns  cast  fi'om  liut  blast,  eight 
fiiiled  to  st^md  tlie  proof.  Expeiimeats  oq  tlie  motal  in.  tki'ce  guna  gave  a 
density  of  TUi),  and  a  toaacjty  of  ^0,732  lbs.  to  tbfi  Bqiiarc  incU.  S^iiiiHiLr  ux- 
perimenta  on  guns  cast  at  tho  same  worlds  sftveral  years  pre^iotifily,  but  h'oiii 
cold-blast  iron,  gavo  a  deuBity  of  7  1>^<j,  and  a  t^^uadty  uJf  25, ^4U  lbs.  to  tbo 
s^nnre  ineh. 

It  is  TVortliy  of  I'cmark,  aJao,  aa  bearing  out  tliG  opinion  tliat  tlic  tpialily 
of  om  pig  iron  has  detoriarated  ivitbin  the  last  baJf  ceutuiy,  that  iu  an  Kug- 
liah  gnn  importt'd  into  Aioericain  IH4atiie  cast-jrou  was  of  a  denEiity  of  7^04, 
uud  teuailo  BtrenyiU  of  IH^l.ir^^bs- to  tho  gqutiro  inch  ;  wliile  oilier  English 
girna  impyrti.'d  about  tliiitv  years  previonely  coutaiued  metal  of  a  density  of 
7"20'i,  Rnd  leiisilu  strengtb  correspouding  to  *^8.0U7  lbs,  to  tbc  square  iuch. 

Tho  aniilyses  mndo  in  the  laboratory  attat'lied  to  tbe  Pikesvillo  ^Vi^scnal 
are  aingi-djirly  foufiiinatory  of  the  nnfavourablu  opinion  respecting  the  Jiot- 
hiasi  current,  soon  after  its  inti'odncUon.  Tlie  results  of  ntouQi'OtLa  analj'&es, 
OTa  irons  prepared  by  the  tn'o  processes,  gaye^ 

Coldbloat.    HotUut. 

Specific  gmvity 7-|fl4        7-074 

Tenaile  atreugth 30,859       l&,008 

Combmcd  cturbon 0830  'Oft^T 

Graphite '0470  "0000 

SiU'.iiuii 'O'Sm  ■0-'i«3 

Slag 'OIRO  -Oava 

Phosphorus -033^  *ni«5 

Sulphur noi-i  0010 

Mauganese •  1 UI  -0000 

Eai-tlis  . .     .     ,       OUT  -OUO 

Silicium  and  carbon -1210  *12H1 

SiUcium  and  Blag     . '0575  'ODJIH 

Gr&phitd  and  slag OOBj  0075 

Grapliite.  slug,  and  silidrtiu 1051  "l^tW 

GrapJule,  elat;^  siliciiim,  iuiil  phofiplionis       la'^'O  '1*53 

Total  mrbou .     ,     .      ^1312  '12M7 

Graphite,  slag,  eiiiciuin,  phosphorus,  buV  Ki  ii  i  -joOD 
phur,  and  eaitlis  .......[ 

The  resttlt  of  tho  utimorous  oxporiinents  made  in  the  Ifnited  States  on 
COSt-irouK  hafi  been  tlio  eiitir<!  rojection  of  hot-blast  smelted  iron  as  a  luateriiil 
far  Ciinstrttctinf^  ordnance.  It  muM  not.  hoi^'evcr,  bo  supposed  tliat  hot  bUat 
iron  is  inapplicable,  or  inferior  l<i  cold-blast  irouH,  for  all  pnrpORca.  Wliero 
great  tensile  strcnfrlli  is  dpslred  it  aliould  ho  cnrcfully  avoided  ;  but  under 
other  ctrcniiistanc«s,  it  mzy  frequently  he  substituted  foir  cold-hlast  ii'on  mth 
eooBidetabb  adTnntairc, 


v^ruae  i)ig-iroii  of  the  l>last-fi 
observe  the  change  of  quality  and 
were : — 

Cmde  pig-iron  .... 
Do.  remelted  once  . 
Do.        do.  twice    . 

Do.        do.  three  tinu 

In  a  second  aeries  of  experiment 
ing,  was  eqnallj  marked.  The  meta 
iron,  cast  in  similar  moulds  and  xu 
ftialons  alone  excepted : — 


Grade  pig-iron 

Do.        do.       remelted .    . 
Do.       do.       remelted  twic 

In  another  case,  the  iron  of  third  f 
tensile  strength  of  45*970  pounds  per  s 
lifj  cast-iron. 

Expeximenti  on  a  limited  scale  wei 
llr.  FaiilMdni ;  and  the  results,  thongli 
perimenti,  demonstrate  the  great  adva 
be  derived  from  a  mere  remelting  of  tl 

One  ton  of  Eglinton  hot-bhist  iron 
flnz  and  ooke  at  each  fusion  accurately 
The  inm  was  run  into  bars  ono  inch 
Iwigtha  of  about  four  feet,  supported 
the  centre  gradually,  until  the  bar  brol 
and  the  rest  of  the  iron  ftonin  *• —  '■- 
iwi*i-  — 


k 


trPEC'fS   Oy    PROLOS'OED    FUSION. 


ai. 


0  lbs.  At  tlie  Uiktecnth  it  waa  671  Iba. ;  at  the  fiftecDlli  3911bB. :  at  tbo 
tecnth  303  lbs, :  luid  at  tlie  seveuteentli  meltin^^  tliG  ultimate  strcii^ 
was  330  lbs. ;  or  less  than  one-half  of  its  maximum  strength.  After  tho  four- 
teenth meldiig,  the  molecules  of  the  motal,  whi?D  fractured,  appcfued  to  havo 
undergone  a  decidecl  change.  Thete  was  a  bright  band,  like  ailver,  on  the 
edg^  of  the  bar,  whilst  tlie  middle  retained  tli^  orduiary  crjstalhiie  frai^tiirQ  ; 
and  in  the  succeeding  meltings,  the  metid  v,'as  bright  all  ovcr^  rodcmbUng  tho 
ftrnctvLTe  of  cuat  steel. 

Maintaining  the  iron  in  fiiaLon  for  shorter  or  longer  perioda,  is  attended  p 
in  many  inatancca,  with  a  corresponding  improvement  in  the  textile  strength 
of  the  product.  By  keepiog  it  in  fusion  a  loiigor  peiiod,  tlie  number  of 
remeldnf^  ncccssaiy  to  develop  its  maximum  strength  may  be  reduced.  In 
the  cnse  i>f  the  Manchester  experiments  referred  to,  the  ii'on  was  in  compara- 
tiYcIy  small  qnontitj,  reduction  to  a  molten  state  took  place  with  great 
rApiditVt  and  the  process  was  completed  in  a  veiy  short  period.  The  American 
experiments,  on  the  other  hnnd,  Trerc  made  on  several  tons  of  iron,  in  rcver- 
bcratoiy  fumacca :  reduction  to  the  hquid  atnte  took  place  more  plowlVt  tmd 
the  endrc  process  Insted  several  hours.  The  graduid  reduction^  also,  of  the 
iron  flJid  its  floiving  to  tlie  hearth,  exposed  it  to  a  prolonged  decarboniisntion, 
and  resulted  in  a  corresponding  frrcater  purity,  ivith  fewer  remeltings. 

The  improvement  in  quality  obtained  by  keeping  tlie  iron  in  fusion  for 
periods  after  reduction^  is  very  well  shown  by  the  results  obtained  vnXh  tlte 
St04!Abridge  iron ;— 


Iron  twice  remelted  and  cast  on "[ 
reduction  to  li^juidity     .     .      \ 
I>o.  maintained  in  fusion  I  hoiir 
Do.         do,  do,      2     „ 

Do.         do.  do.      3    » 


Tensile  strength 
inlba.  periq.  in. 

.     15,801     . 

.     20^20     . 

.     23,773     .     , 


Donaity. 
7196 

7'27D 
7-293 


In  other  exporimonts  the  incr^^nse  of  density  and  tensile  atrongtli  is  equally 
great,  and  shows  ili^  wide  field  for  iroprovcmynt  which  the  mero  ditference  m 
modt^  of  reduction  and  time  of  caaling  offera  to  the  conaderatJon  of  the 
practical  founder. 

Tcnacitr,  Deniity. 

Iran  m  fusion    ^  lionr      .    .     .     17,843    .     ,     7' 1ST 
Do.  do.     1     „       ....     20,127     .     ,     7217 

Do.  do.     IJ  .,       ....     24,387     .  7'2r»0 

Do.  do.     2     „       .     .     ,     ,     8-l,4llfl     .     .     7-270 

The  SCTcral  trials  were  made  livdth  the  Bomc  charge  of  iron,  but  the  metal 
for  testing  was  wilhdraivn  at  tlie  periods  named.  The  compoailion  of  tho 
original  ffray  pi^iron  doubtless  inlhienccB.  in  a  very  great  mt^asuie,  tlie 
amotiDt  of  improvement  o^itained  with  ditlerent  periods  of  fusion.  A  refining 
of  the  iron  takes  place :  and  tlie  qunntily  of  alloyed  mfltl^jrs  oxidised  and 
removed,  will  vary  with  the  ohai-acter  of  tho  pig  iron.    Carbon  is  a  principal 


«!injiiiii-!,l  I'V  a  wa^h-  in  rcnullii.u  ft'i! 
c]iar;_>-il :  so  ilii:J.  in  :i  i-'Piuiii"i'i:t]  ]■< 
jH'f]  iin-il  iVuiii  ir..n  riim  l;<'ii  iliis  iiuu 
imu-li  as  a  biiuilar  C{i>iin^'  prriunvd  1V< 

I5y  exposing  the  luoltou  iruu  to  tlio 
period,  tlni  i^'provcmeiit  in  stron>,'tli  i 
ivaste  of  inat4;riiU.    Aiipnroutly.  tho  fo 
irou,  so  as  to  pervfule  the  entire  coniiu 
rapidity  on  U^e  aUoycd  nnnt*tj-s.  would 
mcnt  of  stiviigth  most  <;oni]>lctt!ly ;  hut 
follow  tliia  trcatmcut.    C'onihustiou  of  t 
the  nei^'ly-fomied  oxide,  romaining  to  a 
of  iron,  reduces  its  lonncit^'  bi'li.>v,-  thut 
other  land    he  exxwsuro  of  the  reduce 
oxygen  rcst]]l3  in  the  i-apid  deprivation 
phur.  &c. ;  tlic  fii-st  in  a  gasooiia  cumbin 
in  tlic  proccys.     The  tempernturc  of  tli 
cquiU,  and  suhjeet  to  sigh   variatiitnfi    tl 
rous  slow  emTents,T\liicl  KUcccssively  hri 
the  refiiiing  hiiliiencc  of  tho  pnshiu^'  curn 

Irons  coiiUiiiiing  n  large  proportion  of 
puiitios,  arc  most  suseeptihlo  of  improv 
AVitli  other  ii'OUS  prepared  with  a  heavj 
furnace,  tlio  mprovcm  nt  i^loss  striking, 
of  metal  through  oxidation. 

The  rax>idity  and  manner  of  cooling 
ten&ile  strcugth  of  the  metal.  It  is  fuui 
Tcrticol  diy^aajid  Hftsks.  have  a  less  tensil 
lorly  moulded  and  cast  fronj  the  sanu)  c 
strength  in  Iho  case  0  the  sninll  lars 
Tested  IruiifiVurse  r  lioncv^T.  the  streii^rt 
was  to  that  of  th«  i"'**^  -     ' 
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iivitL  to  bear  a  direct  tensile  force.  The  large  custiug  coolod  aiowly,  in  conse- 
quence of  its  great  bulk;  aQul  tha  heat  in  Uia  iatcrior  maaa  having  to  i>as3 
liirough  the  ekm,  prodttced  n  partiiU  aimealinfT  of  thia  portion.  Softeued  in 
this  inannor,  it  waa  liiss  able  to  bear  a  tran^vcr&o  sti'uia ;  but  tho  equal  rate 
of  contractioii  of  the  mass  was  favoiirablo  to  Uie  renislAiira  of  tensile  force. 

The  teiLsIle  fitreug^th,  as  inHuenccd  bj  tbo  ^'uq  of  tlie  massoB  utd  rapidity 
<>{  cooling.  TorieB  with  the  condition  of  tlia  iron  provioiLB  to  caatiug'.  If  tiie 
refiniiig  process^  by  lengthened  fQsion  or  numeroua  remcltings.  be  camod  too 
fu*,  tike  resulting  product  'ndll  be  of  &  hard,  brittle  q^aUty ;  and  ^vlian  cast 
intn  sroaU  articles,  he  chillod  to  that  extent  oa  to  be  incapiiblc  of  worldng 
■with  ste^l  cnitting-tools.  Cast  into  larger  articles,  however,  and  cook'd  ntoro 
slowly,  H  maximum  tenacity  may  be  doTclopad,  and  tha  tL'xtui'e  of  tho  h'on 
bo  found  of  a  character  to  bear  cutting' tools  on  its  fvurface. 

K Continuing  the  operation  too  long,  also  produces  a  thiclteniu^  of  thti 
ten  ii'on,  until  it  is  of  too  gi'eat  a  confiistencc  for  tlie  proper  JiUing  of  tho 
lids,  au<i  Ute  prevention  of  Eiir  cavitiea  in  the  body  of  the  caadm^^.  Tli© 
bumiug  away  of  the  carbon  is  attended  with  a  lops  of  fluidilr^' ;  and  this  defect 
occuniuH;,  thorc  is  no  remedy  short  of  introducing  fui'ther  portions  of  tha 
on^nol  cnide  Lrou,  to  restore  by  mixing  a  certain  degree  of  lluidity,  Thijj 
cofitiu^'s,  and  others  requiring  great  sharpness  in  the  angles,  can  be  auccesa- 
fttUy  made  ni^y  when  tlie  iron  contoiua  a  lar^^e  portion  of  the  carbon  con- 
tracted in  tlie  bhii^t-furuace.  I'Vo^dom  from  air  caTities  demands  the  em- 
lent  of  A  similar  metal, 
lasting  under  a  head,  or  considerable  pressure  of  the  fluifl  metul,  ia 
to  in  very  many  instancest  iu  order  to  obtain  gieat  solidity.  The 
of  the  metal  in  increased.  Attended  nsnth  a  corresponding  augmentation 
of  tensile  strcBgtli.  An  eKperimeut  on  the  comparative  density  and  tenacity 
of  rough  pigs  enst  horh^outally,  and  a  moulded  bar  cufit  vertically*  gaye  tho 
lallowing  results : — 

Tenacity*  DeuBiiy, 

^M         Rough  pigs,  cast  hoTizontally   .    .    .     144@1     .     .    TtfOi 
^ft        Bar,  oa9t  vesrtically IG4j^4     .     .     7  08^ 

In  all  close-flaak  caaHnga  the  head  of  metal  is  req^uired  to  be  Eoreral 
tatt^a  abovi;  Itic  highest  point  of  the  mould,  or  the  perfect  filling  may  not  be 
^pirod.  Rollei"s  for  mill  macliinery,  aud  immeroiu  other  artieles,  are  fre- 
flftteutly  east  witli  a  vertieal  pres.5ure  of  two  or  thi'ce  feet  of  liquid  meial  above 
the  mo&t  elevated  part  of  tlio  mould.  The  etl'ecta  of  atmoi^pheric  pressure  an 
tfatt  surface  of  tlie  liqiud  irou,  wliilc  cooling,  has  been  tiled,  lUid  sipparcntly 
produced  a  amali  improvement  in  the  metal*  rmliicrcxpcrimentSt  howcrwr, 
ftrc  nequired  to  show  tlie  amount  of  each,  improvement  under  varying  prea- 

Eof  blast 
y  the  rapid  coohng  of  castings  llirongh  the  intervention  of  water,  tlie 
c  strength  of  the  metal  may  be  nearly  deatroyini.     The  uner^nal  rates  of 
contraction  which  ensue,  bring  into  play  forces  gi-eater  than  tiie  cohesive 
power  of  the  metal  ia  abli^  to  withstand.     A  similar  residt  i&  frequently  oh- 


soiiijiifuthiii  r.iiiihii  I!'-.  -  ill  til''  iiitfriiT. 
jit  it-  linn  li*iiipi'r;itu:-<;.  ;i  <iir.  il  svmimik; 
Tlii-;  [V,utnnii|^'  ni"  tin'  -Kin  n.-fur>  uiilv  w 
nary  ]i;inlm.'ss  jirrvinus  t'l  i'li-^ioji;  but  it 
hflr<l  surJ'su'o  to  t!io  ryliuili-r  can  W  ul»tiiii 
of  li:n*(liioss  iinp:in(.'il  to  the  iron,  tlio  j 
coolin;/. 

TIn.'SO  consiiU-rntionfl  point  to  the  inipo 
coolinj,'  hiH  on  tlio  tcnsilr  strenj^h  of  c';i-il  ii 
rapid  cooliii;^  is  nvrpionily  atl^'UiU'tl  with  a 
the  oastinj;  has  h'ft  tlw-  iVuimlrj*,  shows  tlio 
bo  paid  to  this  i'eaturo  of  Iht^  prortss.     I'l 
pig-irons  may  ho  so  wiiikcncd  during  co(tli 
castijijf,  a  tensile  strcnj^lh  greatly  In-low  tl 
castings  cooled  on  correct  print-iples.     lYoh 
quantity  of  the  original  pig-iron  has  hras  t 
of  the  piece,  than  the  mode  iu  wliicli  the 
fusion. 

"When  cost  into  lnrg<'  mnssos  and  slowly 
the  molecules  of  the  metal  arrange  themsd 
greatest  ivsistancc  to  tensile  stritin.  The  cj 
the  testing,  by  ro^wated  firing,  of  heavy  on 
time  between  their  manufacture  and  usi*. 
testing,  stood  sevenil  times  the  rpiantity  of  tli 
months  previously.  The  tensile  ju-oportios  ( 
difference ;  and  tlic  form,  dimensions,  weigh 
and  tlic  manner  of  proving,  weix;  the  sunie  i 
experiments  on  this  remarkable  prtiperty, 
circumstanees  under  which  it  is  d*'v.'i ' 

Tlv.  ♦ =' 
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of  mnllciililo  sernp  TCifJIy  oeeutTed  from  tijo  remeltiufj; ;  and  that  by  trcatiiig 
tho  iron  to  a  prolonged  fusion,  greater  strength  would  Lave  Tjeon  produced 
iffithout  the  use  of  the  scrap  iron. 

RfsUtanet'  ofCattiron  to  Comptf  anion. 

The  force  required  to  crush  cyLuidera  hvo  and  a  half  Limes  their  length, 
es  with  the  Lardncs^s  of  tlie  Iroci,  ^htvi  the  coaling  has  not  permanently 
nred  lllo  structure  of  tli*  iron. 

No.  1  foimdry  iron  reqiiired  a  force  gf  110,650  11)b,  the  Bq.  in, 

Nos.  I  and  3  mixed         do.  do.  UlH.ftHfl  ,, 

Noa.  1  and  a  mixed         do.  do.  l.V2,*^fiO  ,,  ^i 

Kos.  1,  2  and  3  mixed     do.  do.  l«0,SOa  „         „ 

In  biiildtnjD^.  and  conif?tfUction,  the  direct  cnishinff  force  is  seldom  brought 
into  Action  to  thnt  extent  that  the  luetiU  is  cniiihcd  to  pieces.  Accitlents 
inviKTinbly  occur  from  the  latcml  lltxui'G  of  cQatiiiga,  produced  tlu'ough  a 
deficiency  of  atiffness  in  tlie  dtrfiectivt*  pai't. 

In  urdqr  tliat  ihc  variouii  qnalitiea  of  diflFerent  rai^taJs  may  be  readily 
compareil*  and  tliat  the  vanatittns  which  occur  in  each  may  be  seen  at  one 
vie^n',  results — collected  from  tho  preceding  tables,  and  fram  till  the  forms  in 
wMeh  the  sereral  metals  i\'ei"e  tested — ^nre  given  in  the  following  table :— 


VAIiroUH 

QUALITIES  or 

UIFFEHENT  MBTAJ^a. 

Uenirit)- 

TeiLacity. 

tyttimntp 
torsi  nn. 

S,^S:  H^d.™. 

.,                       i  IjL-n.>it 

7-400 

7^704 
7-858 
7 '978 
8.D53 
7.729 
7.RB2 

9000 
4597ft 
380:i7 
7459J 
17Be8 
fiG78G 

128000 

0605 
1U4G7 

7700 
Sail 

84329 
174120 

4««00 
127720 

198944 
3!)l9So 

4-57 

33*0 1 

10-15 

1244 

4-67 

694 

Tlii3  lulile  shows  the  great  j-aiige  in  qtiiility  of  tlic  cftst-iron,  ivrought'iron. 
bronze,  tiud  Mcel  operated  on.  By  judicious  treiitment  Uie  tensjle  Btrcngtli 
of  tlio  cast-iron  i»  mcrenised  so  nfl  to  he  in  cSlCCSS  ofnitich  of  the  WTought-iron 
niAnafiiclurod,  and  nearly  twotliii'ds  of  the  strejigtli  of  tlie  best  mercbtuit  bur- 
iron.  V^^ih.  cast  metal  of  this  quntlity,  the  nianufactui'c  of  malleable  iron 
ordnance  will  no  longer  bo  a  desidoratiun. 


\'nr  till-  sijciiuii.tu  i>r  t!:t'  I  xiniiK.'. 
iiianiiir  iji  wlii.li  liiis  !■;  iiii--.iiiijili- 
I'lirt,  intliu'in-i'd  i.'v  iln'  luitun;  vi 
pivicrable,  procLSS  colI^i:^l:<  in  vxyn 
I'or  two  or  tliree  huiirs.  in  ii  low  (t^K 
iiiiurv."    In  manv  wtn-ks,  iwcrl»fm 
metiil  is  cxixjscil  on  tliu  (.■cnlral  lied 
of  jjfus  from  the  iirc-plaixs  ior  about  a 
aud  AjucricaQ  lUiimiJiLi^turuiJj  Oinijlyj 
struetiyn  to  tliu  CiLtttljm  loortli  alica- 
evor,  lliat  ^vliati.'vei-  ct^nsLnicti'ji   ol 
ntnioh|>horic  uir  is  tlio  2'i'iin'ii>:i!  n^^'i-nt 

The  LhtsL  It\ 
Is  Imilt  noar  the  l)lasl-finnmo,  fron) 
into  tlie  liciiith  of  the  lire.  It  consista 
by  ft  brick  cliiiunt'v ;  at  tliu  boltinn  is  i 
nutgidar  hoartli  int.)  wludi  diji  tlic  t;] 
moro  bljistpiijea  Tlie  sidos  of  tlio  lu- 
of  lioUow  taatiroii  blocks,  tlirou-rh  \vh: 
Ittlcs  to  kcup  tliem  from  fusiDg  wiUi  lh( 
turc,  'ivliile  tUe  bottom  ia  of  iLfmLtor}- 
front  ia  a  cast-lrou  daui-plato.  furuisLL 
hole  for^vididriuviii{^lliorL'finoi:  luctii' 
being  protected  w-itlt  brick  or  clay  liiii 
mould,  fomi:]J  of  Uuck  cast-iron  block 
pcuded  in  a  cistern  of  limning  wutc 
front  of  a  dam-x>latc,  to  rcci'i^"  *' 
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Aamgle  refiutuy,  or  ona  blowing  ijom  one  bide  only,  will  have  a  heaiUi  about 
three  foet  squara  in  the  iuside,  Ly  cighUieu  iuohes  deep ;  a  double  rt>finery,  or 
CBA  blown  from  two  aiides,  has  a  kcaith  nbovit  four  feet  square  and  twonty-oae 
iochefl  deep,  with  pipes  about  on  inch  nnd  a  half  bare  at  the  point.  A  e^c- 
tional  el<iVBitioii  of  n  blitst  retiiicrj*  is  given  in  the  preceding  puge. 

The  Tefiuing  of  the  cnide  iron  ia  conducted  aomeivhut  in  tlio  foUowing 
loftnnei': — The  hcnrth  ia  filled  with  coke,  and  the  blast  partially  applied,  tintil 
the  interior  has  attained  a  high  teinperatm'e.  If  wotJdug  ou  cold  iron,  n 
qdftntity  of  pigs,  weighing'  from  twonty  to  tJiirly  per  ct^nt^  are  thrown  in  on 
the  incandeaeent  fuel,  and  covered  with  adtlitionol  coke.  The  full  blast  is 
nov  appUt^d,  and  the  tire  urged  &a  as  to  attain  oil  intense  heat ;  additiooal 
fiiel  bring  added  as  required  uutil  tlie  piga  of  iron  aoilLeii ,  aud  gradufilly  fusing. 
fid]  thropgh  tlie  interstices  formed  by  tlie  coke  to  the  buttom.  By  means  of 
iroa  bars,  tho  attoudnnt  keeps  the  infused  portions  of  mehd  under  the  inilu- 
eooK  of  Iho  heat  around  tlie  tuyeres  ;  and,  finally,  stirs  up  the  contents  of  tlie 
hearth,  to  ensure  the  perfect  reduction  of  the  entire  charge.  When  the  entire 
charge  has  been  collected  on  tlie  bottom  of  tho  hearth^  tho  retimiig  process 
may  bo  aodd  to  commence.  The  union  of  the  oxygen  of  the  blast  with  tlie 
soHd  carbon  combined  vriih  the  met-ol,  results  in  such  a  rapid  evolution  of 
g^seoua  carhon,  that  tlie  mass  Kpontaiieoualy  boils  up,  rising  several  inches : 
th«  &aperincuntbcnt  atiTituin  of  fuel  rises  also,  and  vibrates  with  tlie  move- 
moat  of  the  boiUn;^  mcta1«  while  ijmonierable  minute  globules  of  oxidized  iron 
are  thrown  orut  of  the  chimuey.  Considerable  skill  is  required  in  Jnanagmg 
the  blast  to  a  successful  issue,  Tlic  angle  at  which  the  pipe  dips  into  the 
hearth,  nppe&rs  to  be  of  importance  to  tlie  process;  each  refiner,  liowevcr, 
works  his  blast  according  to  his  own  judgment.  The  several  portions  of  the 
charge  ore  ^ccessively  bi'ouglit  under  tlie  oxidizing  influence  of  the  blast,  so 
aa  to  be  equally  actetl  upon,  until  tJie  major  poilion  of  the  earhon  bein^  dia- 
cngAged,  indicates  tlio  upproaching  completion  of  tlie  process.  The  fire- 
clsy  **  stopping'*  of  the  ilani-plato  is  now  rejnoved,  and  tlie  inefed  and  ciuder 
aUdwed  to  flow  into  the  shallow  mould  in  front.  "Wlieu  collected  in  the 
BDOQhl,  the  water  is  tliro^vn  rapidly  over  it,  cooling  the  surfaco  portions,  and, 
at  the  scuue  time,  oxidising  a  portion  of  the  ii'on.  The  cinder,  by  its  inferior 
specific  gnmty,  separates  itself  from  the  metal,  rising  to  tlie  top,  in  which  it 
is  partialty  as^iiited  by  the  attendant  beating  the  molton  mass  >nth  an  iron  bar. 
On  Uie  iirat  iipplication  of  water,  tho  steam  produced  lodging  in  the  viscid 
tcbulair,  swells  it  up  Bovcrol  inches ;  tlus  is  broken  down  by  the  beating  as  fast 
^vit  I3£e«.  in  ai'der  that  ilie  water  may  tlie  more  readily  roach  tho  lower 

P"VV^icn  cold,  tliG  plato  of  refined  iron,  which  may  ho  about  three  inches 
thick  by  three  ft^et  mde,  ia  removed  by  a  carriago  to  the  bank,  where  it  is 
brokun  into  pieces  of  a  size  convenient  for  the  Bucoeeding  operation  of  pud* 
dlin^'.  Tho  fraeturo  of  flood  metal  exhibits  a  silvery  wJiiteness,  while  that  of 
inferior  kinds  is  perceptibly  duller.  On  the  surface  it  is  rough,  and  covered 
with  irregidor  catties,  to  whirli  the  name  of  haneifoomb  has  been  given  from 

,  som£  fancied  rcsemblauee  to  that  sxibstiuice.     Tho  depth  of  this  cellular atruc- 


i-rU'l"  ir-iii.  v.iiii  nx\'_'"  11  il<  nv. 
fr..;ii  til.'  I'lhl  :  tii--  .]'M!i1:;v  ..fir 
is  1  fi  iii'-.ii-i'l- imM'-  l'"r  i"' iii;i 
jH.T-r.'iitii.'":  "f  silicii,  \v)ii.'h  im 
iron;  it  jils'>  ruiiinins  piut'^xidc 
Kourcc ;  ithosjilinrio  »"'iil  is  a  <.*■ 
cent,  ill  some  spi'^imi-iH:  siilpli 
l)c;en  derived  in  jtiirt  fi'Hii  tlic  fiU". 
Rinall  (juniititios ;  nlinnjiiu  to  llic  t- 
tho  asli  of  the  fiii'l  ;unl  the  itri>ti»: 
quantity  uf  fiirtliy  in:itltis,  tht*  ]n 
oil  tin;  supposition  that  they  liuvr  . 
to  this  extent  tin'  cftsl-inm  lias  Ihm-. 
Puddling  the  Refined  Metal 
the  Wast  R'liinutx-t'urnaci!  is  c«>iuhi>; 
termcil  "  imthllinij-fiirnncfs."  in  whi 
of  most  of  tlio  reinainin;^'  alloy.     T 
r;ulur  erooliiin  of  iron  jtliitLss.  learly 
the  two  sides,  and  twelve  Uv.i  l"n;r.  1 
end  is  a  fire-plare  nhout  tlirtc  fnt 
bridge  is  the  body  of  tht:  furnaec,  si: 
feet  wide  at  itn  widest  part,  restjnj; 
nearly  with  the  hars  nf  lliu  tire  ]>lii<'i 
tmcted  to  oij^litcLH  indies  in  width,  i 
to  fort}'  fiH^i  lii*:fh  funiislicd  with  a 
ovenvilh  iire-bridt:  and  to  prevent  t 
panHiou  of  the  lieated  hrieUs,  a  nunih 
two  sido-plates,  wliifh  receive  the  thr 
n  TToilting  door  is  ]daeed,  m  a  stunt  ( 
inchoB  nbove  lln."  iron  hot toiii  of  iIh; 
1+j  a  lijilaneed   cvir.  llic  iiimr  .side  ! 
is  furnished  at  hot* " 
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n  mfiiutAiii«d  at  tlie  foot  of  the  cLimnej,  from  wkeace  the  cmder  fiows  into 
«  TGceptacle  provided  for  tlie  purpoaa. 

The  cast-iron  bottom  plate  ia  supported  at  short  iiilervolB  by  croaa-bcaring 
bttn*  nud  pedestals  ;  air  13  allowed  free  nccesa  to  it  from  below,  Indeed,  with- 
ont  tliia  prccftiition,  the  bottom  would  be  immediately  fused.  Occasionally  a 
portioia  of  tho  brickwork  of  tlie  side  of  the  fui"uace  next  the  body  or  working 
port  )3  removed,  and  easHrou  blocks,  eoolod  by  a  current  of  air  or  water» 
xubatituied. 

Assuming  that  a  charge  has  been  witbdrawn  &om  the  hot  furnace,  the 
process  ia  recornmenced  by  charging  through  the  fiiraact  door  a  quantity 
of  refined  mebal,  broken  into  amall  pieces  :  from  four  to  live  c\vis.  constitute  a 
chiirge.  The  pieces  of  mc'tal  nie  evenly  distributed  uver  the  bottOMi*  aa  foi'  as 
prikctiftable  in  an  inclint^d  poaition ;  the  door  abut,  and  a  hltle  dual  thrown 
aroand  ita  edges  to  exclude  tbe  cold  air.  AtteiJliou  in  now  directed  to  tho 
lire,  which  should  bo  ckaued,  freah  fuel  added,  and  tJje  damper  fully  03>ened, 
to  rIIow  of  an  inteiise  beat  being  generated  in  a  few  mijiulea.  Tbe  edges  of 
the  pieces  of  inettil  soon  itllnin  a  white  heat,  and  begin  gradLuJly  to  soften ; 
the  portion  of  tlio  eharge  next  Uie  fire  placa  attaijiiiig  a  melting  temperature, 
Tho  "  pudiller,"  as  Uie  attendant  workman  is  called^  "with  a  litout  iron  bar 
iuKertcd  Ihrotigli  the  notcJi  in  tlie  door,  lifts  up  the  coldost  pie<^eB  and  pushes 
them  forwiird  uito  tho  boUest  parLs  of  the  fiimace^  imtil  tlie  wbulo  is  neiirly 
dissolved  into  n  lt(]md  mass,  Wlien  a  portion  of  tlie  iron  has  been  melted, 
the  hooked  bar  is  iuscrled,  and  the  entire  moss  raked  up  and  exposed  to 
the  reverberating  iiction  of  tlie  hot  gasea  from  tljo  fire.  At  lliis  sta^tj  the 
inside  of  tlie  fui-unce  presents  a  scene  of  hitensu  bngbtuess,  and  an  in- 
experienced eye  is  uu^tlde  lo  diatinguieli  Hic  raeial  Oirough  the  dazzling 
whitencfiftof  tl»e  whole  of  the  interior.  Through  Ujc  small  notch  in  tho  door, 
Iho  puddler  conducts  tho  operation  by  constantly  raking  up  tho  fluid  iron,  jn 
.  ordf^r  Uiat  the  gases  of  tbe  reverberatory  currcut  may  play  on  tlie  whole,  thus 
JifUng  from  the  bott^jm  any  portions  that  may  have  set,  througJx  loT\TieBa  of 
^Hjnerattire,  Since  the  curreut  has  no  power  to  penetrate  tho  Uqiud  iron, 
^Hk  thus  combine  \\itb  tho  carbon  and  other  alloyed  matters,  as  hi  the  blast* 
refinery,  the  puddlcr's  principal  duty  is  to  mechatiiciilly  agitate  the  particles, 
I  so  that  every  portion  may  bo  successively  bronglit  in  contact  with  the  free 
oxygen  iu  the  current.  The  assistant  puddlcr  attends  to  tlie  fire,  wliich  ha 
tuijia  iu  full  activity  ;  at  other  times  he  relieves  his  partner,  or  works  in 
ctiuu  with  lum.  After  sometime  tbii9  occupied,  tlie  puddler  will  httve 
ted  the  larger  portion  of  the  lilloyed  matters  from  tlie  iron,  and  brought 
it  lo  tliat  point  leehnioally  known  aa  "  coming  to  nature/'  When  this  ia  tho 
coac,  tlio  metal  is  seen  to  attain  ('onsiiitence,  and  a  cunly-like  matter  ia  col- 
lected, by  the  hooked  bar ;  this  rapidly  augmculs,  until  a  suffieiency  has  lieen 
collected  togetlier  to  form  u  bait  or  bloom.  A  secuudf  third,  fourth,  and  fifth 
ooUcctiou  ia  Bacceaeively  made  and  placed  aside  in  tbe  furnace.  The  charge 
of  refined  metal  uill  thus  buve  been  converted  into  Jive  portions,  bat  aome 
workmen  divide  it  into  seven  or  eight-  Wliile  eollcotiTig  tbe  mcUil  iuto  bulls, 
a  somewhat  lower  tempcrfttiire  prevoiht ;  but  ininiediateh"  tljey  are  ftinned,  the 


drawn  :i!i'l  i-.'uvt -.■•.l  it)  tlu'  sq 
fur  (•■i:ii]ir(,'.-.  ;  -ii  in1->  cl'liHi'.,'  l- 
or  i>r«iilu''('  lit'  l>l«)<.iii>  will  ;n,i<ini 
fivo  pi'r  I'l'iit.  (if  tliu  liii't  :l  chai-j. 
tion  of  oofil  fuel  a.vrr:i;-iii;/  in  > 
miU'U  rts  tliat  uf  llio  Muimis  pnuli 

A   Buporior  ect^n^mv  of   fuel 
IcngtlKMiiii;,'  tlio  boily  of  the  fnniii 
of  the  sxiot*i.i.Mlin;4  rli:ir;_'o  briiij.' p 
of  tlic  liottoiii  itdjoinin;^'  tin- stack, 
the  cluu'^e  uudi-r  niMiratioii  is  will 
wny  the  now  oliarj^i!  is  licatcd  to 
sorioiu  dotrinicut  to  tin*  c*har;:c  ir 
Imllod  up.  niid  ii  oonsidoralilo  savi 
fuel  is  C'lfoctod.     Tho  fiiriia»*t!  prod, 
fourtli  more  Moonis,  with  the  fianie 
tion  of  fiwd.  hy  this  proci'ss.     Kcoin" 
fuel  is  still  further  increased  by  dniv 
of  reiined  metal  direct  from  tho  liiii 
Jhiid  state  ;  tho  fuel  and  time  exp*  n 
the  iron  being  thereby  ssavod.     This 
in;^,  however,  lias  not  been  exteusiv 
ndnptod;    dillicidlies  havini^'  been  i 
with  in  ctfeetually  sepurathij;  tho 
fined  iron  iVoni  its  uccomi>aiiy- 
ing  cinder. 

The  refining  of  crude  imn 
in  the  reverbcratory  funiaoe, 
embraces  in  one  funtneo  the 
scpanite  opcnition«  of  refiuinj,' 
and  pnddliu'^.  In  dhnensioiw  ' 
and." ' 
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both  processes ;  but  aib?r  tlie  fusion  of  the  crude  iron  on  the  bottom  of  the 
furrmcp,  the  appearances  presented  are  Tcry  dissimilar  to  those  with  refined 
metAl.  At  first  Uie  liquid  iron  forma  a  level  aljcet,  wlucU  gi-aduallyssveUfl  up 
witli  the  rapid  maitipulatiou  of  the  workmftw.  mitil  it  laaa  ri^n  six  or  seven 
inclioa  ahovi*  its  former  level  The  entire  mass  appears  to  heare  and  boil ; 
mnumemble  eruptions  arise  on  its  surface ;  and  bursting,  discharge  tlicir  pent 
tip  prases.  TUu  pndJler  must  bo  luco^ant  in  lua  mampiiiations ;  every  portion 
is  to  be  rakod  up  aud  exposed  to  the  oxidizing  iuQuciice  of  tko  current  of  the 
gtLAsa,  uulil  tlie  dimiixTshod  action  shows  the  near  completion  of  tliu  rorniing 
pArt  of  the  process.  At  tliis  stage  a  careful  manipulation,  with  a  judicious 
rcgiUatiou  of  the  tempcratai'o,  i^esiUts  in  the  ecgiTgation  of  tlie  iron  into  particles 
of  A  pftsty  oonsistenci?,  which  cTentufllly  aj^^^lutiiiatt;  by  preaaiire  into  niaasea 
of  ibe  required  size  for  bbxims^  Tlio  conclusion  of  the  process,  the  drawing- 
Ottl  of  t!n3  blooms  and  recharj^in^,  differs  from  this  part  of  the  pudtlling 
process  only  in  tho  tapping  oiT  the  larger  portion  of  tlie  cinder  produced 
pperiooB  to  rechrargin<f. 

The  risin;;*  of  the  molten  mass  appears  to  result  from  the  e^prt-Usive  action 
of  th*  receudy-formed  gAss&  apaiuRl  the  visioid  cinder.  By  attention  to  dio 
tcmpcmture  aud  consistence  of  this  c?inder»  the  rising  may  be  pailly  con- 
tmliiF^ij ;  but  the  nature  and  quantity  of  the  iiUoyed  miitters  greatly  inllticneo 
tbe  process.  Since  the  carbon  combinod  with  the  tuRtnl  haa  to  be  elhninated, 
by  first  iwnvcrtiujj  it  into  carbonic  acid,  n  greater  nr  lusn  atntuuit,  of  farbon 
rosiilt  in  a  cortespondinff  rising,  and  lengthciH>d  laimiptilation,  for  its 
or©  to  the  oxygen  of  the  reverberating  column  from  Hie  iire-place. 
mn  eontiiiniiifj^  a  maxiuinm  percentage  of  isarboii ,  with  n  dLliciojicy  of  earthy 
miilt«rs  in  ulluy^  k  vefinpd  witli  difiicuUy ;  and  requires  an  acldiUun  of  inuder 
£ri>m  the  mill  rnllorn.  t<j  protect  the  in^tal  from  a  too  rapid  oxidation.  Crude 
irrni  of  tills  churacter  alyo  works  hot  in  tlie  furnace,  and  great  difliculfy  is  met 
wttli  in  hrjnyiiig  it  to  the  agglutinative  point  for  baUing  up.  This  probably 
arist's  fmin  tiie  lueat  evolved  by  the  combu^don  of  tlic  excessive  per-centftge 
of  carbon  in  the  crude  iron.  Where  tlio  quantity  of  carbon  is  large,  aa  in 
tlie  Scotch  irons  ameltcd  from  carbonaceous  ores,  tho  boat  thus  evolved,  with 
an  ample  supply  uf  nir,  is  suMcicnt  to  miso  the  temperature  to  a  degree 
inJuHous  to  the  successful  mauipuladon  of  tlie  iron,  and  dangerous  to  tha 
metal  bottom.  Throughout  the  process^  al^,  the  temperature,  from  llie  »ame 
tsase,  is  Icaa  under  the  control  of  the  workman. 

Various  inventions  bare  been  tried  as  auxiliaries  for  the  more  perfect 
•epamtion  of  Uie  matters  in  alloy,  but  very  few  have  stood  tlxe  test  of  expe- 
nencfl.  The  app!ii?ation  of  steam,  at  one  timcn  promised  to  he  nn  essential 
improvement.  High  [ireasart!  steam  was  conveyed  hi  pipes  to  the  bottijni  of 
the  molten  iron  in  tho  blast  or  reverberatory  reiining  furnace ;  and  in  its 
escape  upwards^  agitated  the  iion,  thereby  inprensing  the  surface  exposed  to 
Uio  action  of  the  air  in  the  gaseous  ourtent  from  the  fire  place.  Tlio  wliito- 
bot  iroti  dccompoaed  the  ateam  into  its  elements  nf  oxygen  and  hydrogen ;  a 
jKirtiaa  of  the  former  reacted  on  the  carbon  in  the  mass,  producing  caibonic 
aoiii*  irUile  the  latter  wag  free  to  combine  with  any  sulphur  present.     With 
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..Kill  a  Ucsuloratum.  .Mr.  .Nnsi 
to  tilt'  nuiclusi-ni.  ni"hT  niiiiiA 
I'ilVct  of  rcilufiiij,'  tlio  ti-nijMTi 

Tlie  sopuruliou  of  the  tillo 
ill  tho  rciiuiii*:;  proLTss  viirii 
those  mixtures  consists  prim 
phimbnff*^,  and  nitrate  of  potrts 
tap  cinder,  hamiutilo  ore,  cokt 
posod  of  snli>luir,  nitmte  of  pc 
aliunina ;  a  fourth  consists  of  pei 
clay.     These  luid  other  pntontci 
practice.     Oronnd  Incmnlito,  net 
quantities  at  a  time,  faeilitates  th 
generally ;  hut  it  is  essential  lliat 

The  refining  of  the  iron  by  t. 
several  times  attempted.  Tliis  is 
tity  of  water  sufficiently  largo  to  p 
point.  The  wliitc-liot  iron,  fulling 
portion  of  tlic  water,  lihcmtinj^  ( 
liydrogen,  similarly  set  free,  ads  • 
hydrogen.  Cold  iron.immorscd  ii 
alteration  of  composition ;  but  in  tl 
The  invention  is  a  vev}'  old  one,  1 
ago.  It  was  recently  made  tlic  t 
metallurgy,  in  liis  inaugural  nddrc: 
ignorance  prevailing  among  manu 
charging  tlie  iron  into  water,  is  a  v 
odour  of  sulphuretted  hydrogen, 
ironst  is  too  apparent  to  doubt  the 
tho  operation  is  properly  oondu<'tec 

The  refining  of  iron  in  rcvorboi 
the  liquid  metal  rn"  ^' 
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lo  be  further  shaped  before  passiJig  tlirougli  tlie  rollt-rs.  The  forgehammeri 
or  helvfl,  is  usually  of  a  T  ^^^  ^^  ^'^^  plan,  vesting  at  each  wmg  on  caat- 
iran  pillars,  fixed  in  pomloratis  sUndftrds,  and  llfUni  at  the  narrow  end  by 
projectiag  cama  fixed  ill  a  cant  iron  riug  piecCj  wliicii  receives  n  revolving 
luoticm  from  a  Bteam-etiginc,  or  other  niotivti  power    Tho  anvil  is  fixed  in  a 


ivG  iron  blocle,  u'eighing  Bevcral  tons,  situate  batween  tho  c4un-iiDg 
ftod  helve  Btaud&rdE.  The  hammer  is  a  loose  pi«c€  of  iron  lixed  in  a 
socket  in  the  helve,  Wlicu  not  iii  operation,  it  is  prtipp«d  up  at  a  distance 
ftboTQ  tha  anvil,  and  hijyond  the  reach  of  the  eamfi  in  their  revolution.  The 
entire  apparatus  rc^ts  on  a  etout  iron  bed-plater  which  is  finnlv  fipilced  do^^'n 
to  a  ponderous  wooden  bedding*  emploj-ed  for  the  purpose  of  reducing,  ds 
much  as  practicable,  the  injury  whieh  results  fi-om  the  vibration  of  the 
blows. 

The  hammerman  takes  hold  of  tlie  hot  puddle  ball»  and  lifting  it  on  the 
anvil,  allows  the  hammer  to  fall  on  it  a  few  timce,  giving  it  a  turn  botweou 
each  blow  to  approxuuate  it  to  Uie  square  or  eylindrical  form,  as  may  be 
desired.  lie  then  sldlfnlly  raises  it  on  end ;  and  allowing  tlie  hammer  to  give 
it  a  couple  of  blows  in  this  direction,  complctca  tlie  '*  upsetting,"  a^  it  is  t-ceh- 
nically  termed^  and  again  proceeds  to  the  reduction  of  the  bluom  to  a  short 
bar  iivo  or  six  inches  in  diameter.  The  effect  of  Oie  severe  hammering  ia  to 
expel  a  large  quantity  of  tlie  cinder  wrapped  up  nitli  the  iron  in  the  poroua 
puddleball.  and  by  condensing  tlie  particles,  odionvi^  improve  the  qualit}' 
of  the  product.  Hammerini;r  each  ball  lasts  twetityfive  ur  thirty  seconds,  in 
which  time  it  may  receive  tliirty  or  fort^'  blows.  To  keep  the  anvil  cool,  and 
prevent  the  adhc&ioa  of  cinder,  a  small  stream  of  water  ia  occasionally  directed 
on  it.  The  still  red-hot  bloom  is  taken  direct  to  the  roughing  rollers  of  the 
puddling  train,  and  rapidly  rolled  do^vn  to  a  bar. 

TTie  forge-hammer  has  been  nearly  supplanted  by  tlio  pqueezer,  ft  modem 


cTsoik  IB  inyariaLle,  the   spnce  Vf 
dimiuislies  towards  tlie  fulcnim.    H 


rolled  orer*  at  CBoh  etroto  of  llio  levfl 
imrrow  part,  luitil  Uie  rot^uired  dimiflfl 
upsettirig  is  performed  at  the  extrcmil 
sp&cc  togctlici"  lifforii  Eirnplc  lieigbl  for 
on  the  i*ftrt  of  tlio  sUinylor,  tliflt  tJjt?  ba] 
ftilcnun  too  ra)>itll.v :  for  if  tlih  shouliiJ 
some  part,  ^ 

Lever  Bquecaere.  in  llicir  turn,  hai 
vcntions  professing  to  perft)nu  Iheblooii 
rate,  Fowoftlieni,  liowtvrr,  Imve  Wen 
even  tljose  inventetl  liy  pnicticiJ  iron-n 
common  squeezer  mnd  linioj 
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The  stcaftihsmmei*  Ims  liko- 
wi&c  teea  pressed  intu  tiie  gar- 
vicfi  of  tlie  iron  tmmufQcturer. 
This  appjU'Btns  aiiswem  adinir- 
ably  the  vmyjng  work  of  tlie 
enguie-inaki^r  and  tuill^Tight ; 
bnt  for  iroii-iwoldtig  purpuaes  it 
possesses  n-o  supeiionty  over  tlie 
commoti  forge-bararaer*  though 
several  Uines  more  oostly.  Tho 
bolls  t}{  porous  irou  from  Uio 
puddler  arc  so  uearly  alike  iu 
size  find  liaidness,  Umt  littk 
%*flriiiUon  is  required  in  tlic 
blows,  ^viiiuU  Uio  coiumon  hum- 
mer  gives  with  groat  rapidity. 

The  bloom  from  tlie  haanmei' 
or  squeezer  is  poBaed  first  be- 
tween n  pnir  of  rougliiiig-roUera 
lin  Staffordshire  tlie}"  urc  culled 
■bfllting-roUerM")*  and  llicn  be- 
prcen  a  p&ir  of  Jhuiihing  rollera, 
to  convert  it  into  it  lUt  bar. 
ThetwopftirBofroiiera.andOieii- 
cotuiccttug  BX>iJidl(?8.  pinions, 
frnincB,  imd  appt'iidagcs*  arts 
technically  c&lU'd  a  "  train." 
Commnujy,  tlie  rt>llera  arc  six- 
teen orei;^btcon  iJiclu's diameter^ 
aud  tlu'i.'*.'  or  fiinr  feet  lang,i\itli 
end  beRriiiga  nine  or  ten  iuctGB 
dittiiicter,  and  squiu-e  or  fluted 
lorojeoting  eiidH,  by  which  they 
lire  driven-  They  aro  east  of 
^tolerably  hard  iion.  and  turned 
^Hb  a  latlic  to  iJic  roquii'cd  lougi 
HMdinu)  acctiiiti.  Veiy  strong 
piaiona  cuuple  togetlter  the  top 
and  Iwtton)  rollers,  so  as  to  de- 
y  Liver  the  ht^n  biinnlianeouijly  in 
the  same  direction.  The  cast 
ij"On  frames  require  to  bo  ex- 
ooediu^dy  uiaBHivet  and  stibalaii' 
tially  litt4-'d  witli  ftdjui^ting  iserews 


-  .w  (lit,'  i'>p  r.'llfr,  turiiM  mu'  qu 
sni:ilK-r:  r(']tr;itii!v'  tin-  jirin-i  -^s  uu 
Mii:ill  I'm*  cutf'riiiLC  tlio  Hat  j^n-imv. 
liair  uf  viiIKts.  ti  iv]Ktiliuii  <.il'  tlic 
quireil  thickness,  wluii  it  is  dclivci 
bliioin  piissps  throttf^h  nim;  or  tti 
diameter  and  liftuun  inclics  long,  to 
of  on  incli  long,  and  cloven  loot  1 
rolls  occui«C8  a  minute  and  a  quart, 
the  charginj;  of  the  refined  metal  t 
nearly  (ino  hour  and  a  half  will  liav* 

A  considerable  diHorcncc  is  ubs 
the  two  methods  of  refining.     The  1 
and  altogether  x>roducos  a  bettor  i 
roverberatory  furnace.     Chemical  a 
excess  of  pho!q>horu3  and  sulphur. 
Their  prcsonco  in  greater  quantity  s*. 
the  roverberatory  process  for  refuiing 
very  generally  hot^shoit  (that  is,  bril 
rolled  into  some  intricate  forms  r>f  fi 
tlio  purest  specimens  possess  consider 

It  is  a  question  whether  the  cleant 
be  efficiently  performed  in  a  sin;:le  < 
blast.  GhcmlcaUy,  the  constituents  ( 
accord  very  nearly  witli  tlio  compositi( 
refinery.  Hence  the  bars  from  the  fo: 
alloy  removed  in  tho  puddling  pniccs 
the  serious  consideration  of  manufaot 
recently  has  lost  its  cliaracter  f()r  nnil; 

The  mattcra  in  allciy  arc  priuoipn 
partly  from  the  fufl.  In  the  prtpani 
attention  must  he  iinM  *"  *'■  - 
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»BfiibIe  to  wholly  emdicate.  Phosipliorus  and  suJpbur  ai'o  coimnonly 
Lered  the  substances  wkicli  Gxerct«e  tbe  greatest  dctenomiuig  m- 
on  q^ualiiy;  it  is,  lion'ever,  highly  probubb  that  silicon,  calcium, 
miigaeBiuin,  mid  a  few  otlier  substanc^a,  impair  tlie  quality  to  uoarly  an 
equal  extent. 

The  cinders  produced  m  the  puddling  process  appear  to  b^  of  a  different 
compa^iticm  to  tliose  from  the  boiling  furnace.  The  latter  dbplaj  a  larger 
UDoutit  of  lime,  plkosphofic  acid,  Eulphur,  and  silica ;  in  faot,  are  not  widelj 
dUTert'Ut  from  someTarietieij  of  the  blast  refinery  cinder.  By  adding  together 
the  constittteiita  of  the  refinery  aud  puddling  cindery,  it  is  seen  that  the  pro- 
portion of  injurious  matter  removed,  relatively  to  the  quantity  of  ii\>ii,  ia  very 
much  larger  than  in  the  boiling  process. 

A  ditTerence  of  quality  ia  observed  between  the  iron  worked  with  a  forge- 
hammer,  and  such  aa  is  worked  with  a  s^ju^ozer.  The  former  is  fuiind  to  be 
more  tenacious,  and  freer  from  (iinder*  thiin  thfl  Ifitter.  This  difl'erenco,  it  ia 
gODienilly  beheved,  arises  fL'oni  tiie  motiou  of  the  aqueezi^r^  which  U  gradual 
■nd  pressing,  while  the  hTUUJiier  Tiolcntly expels  tho  impuritiGS  by  heavy  blows 
given  in  quick  Hucceasion.  A  preference  is  very  geuenilly  given  to  tho  ham- 
mer, wh^re  the  qualitf  is  considered  of  pmumount  importance. 

The  bnllin^-up  of  the  iron  in  the  puddling  procesa  is  a  highly  interesting 
point  in  the  mauufActure,  insomuch  tliat  it  forms  the  connecting  1m^  bet^reen 
eaat  and  malleable  irau.  Up  to  this  point  in  the  operation  the  ii-on  is  brittlo, 
dewiid  of  malleability,  and  melts  readily  ftt  a  tempemtuTB  between  2000  and 
8(HKJ  of  Fuhrenlieit'a  thermometer.  After  the  balling  up  aud  Uie  manipu- 
lation of  the  fihinglo,  tlie  iron  is  malleable,  tenocioiis,  and  fufie^i  only  at  a 
very  Ikigh  temperature. 

Cbetiiical  analysis  hitherto  has  failed  to  inform  ua  of  the  cause  of 
Ruillcabihty  in  iron,  siacc^  no  npprecLnble  difference  can  be  detected  between 
bar-irons  and  dome  crude  costirons.  The  Latter  may  be  deprived  of  its  alloy 
BO  00  to  produce  an  iron  similar  in  composition  to  bar^.  y<^t  tlie  suUloablo 
principle  is  wantiiig.  Crude  costirona  made  from  tho  rich  hjEmatitCB  of 
Lancasliire  and  Ciunberland,  appear  to  be  less  brittle  than  otliera,  and  poeat'ss 
a  limited  araouut  of  elasticity ;  in  other  rfrspecta»  however,  they  show  tho 
characteristics  of  cast-iron.  Expositi^  thin  castings  from  tliese  ores  to  heat 
aiong  witli  ground  hiematite  in  close  veaaels  for  a  long  period,  ri^siilts  in  tho 
aljstroction  of  moat  of  the  carbon,  and  the  consequent  production  of  limited 
malioabihty.  Attempts  have  heon  niadOf  and  are  now  mtikingj  to  convert tlio 
crude  costiron  into  wi-ought-iron.  by  a  syetejn  of  blast-re  lining  without  fuel, 
and  subsequent  apphcation  of  the  hammer  or  squees^er, — a  process  which  we 
ahall  describe  in  detidl,  although  it  has  not  as  yet  attained  such  certainty  as 
to  justify  a  decided  opiuion  of  its  merits.  Mere  rciluing,  however,  even  with 
the  addition  of  fluxes,  fails  to  produce  malleable  iron.  Manipulation  to  a 
certain  extent  is  essential  to  the  development  of  the  malleable  principle,  which 
tlicn.  progresses  proportionately  with  the  worldiig.  Various  oxides  and  snl- 
phuretSp  however,  possess  the  property  of  retarding  and  aoraetinies  entirely 
destroying  the  ogglutinous  character  of  the  hou  at  the  critical  point.     Tlieir 


^^Ja  of  the  ij_.  ,  1 


lIKA'ITSik    KCHKACK, 


233 


iron  met  witli  m  cimuuf^rce,  tlio  nhort  pit^i;^^  from  thfi  ^utting'slieATs  are  piled 
one  on  the  other  to  fuma  a  ms^as,  of  a  wciglit  suited  to  the  wcigbt  of  the  bar  to 
be  operated  on.  The  piles  varj  gr«atl,>'  in  siZG  and  arnuigcmcnt,  accordiitg 
la  the  taagi]itudi2  and  pur].H:i6o  of  tlie  iini^icd  bai'.  If  common  ba>r-iro:d  of 
{kTerage  size  be  tlie  ordt^r  of  the  dny,  tUcy  ^ill  meosuri^  somtj  two  feet  long 
and  foxii  inches  square ;  witlx  larger  sizes  they  measure  five  nr  six  feet  long 
by  ten  or  twelve  inches  ai]uaru.  A  neiirly  uniform  size  in  the  pieces  com- 
posbig  the  pile*  whattJTijr  be  Its  dinieu^ionB,  is  essential  to  successful  rcsulty, 
The  pilea  are  conatnictt^d  to  tlje  nniiibor  of  six  or  seven,  or  more,  on  an  iron 
frame  ^tondin^  abuut  Vko  feet  i^bove  tbe  Uoor,  fi'om  whence  they  aie  taken  us 
required  by  the  ivorkinea  engaged  in  bringing  them  to  a  welding  heat  pre- 
'  piuratot^  to  rolling, 

^^K  Hcfiting  Furnace, 

^^Fa  reTerbenttory  fumnec  of  nearly  tlie  same  dimensions  as  the  puddliiig- 
faruacc,  hut  lia^iug  a  reCruetory  mlieious  &aud-botiom,is  employed  in  beutiaig 
the  piles.  The  bottom  is  rendered  even,  and  declines  fruiu  the  cbarging^loor 
to  tiie  bac](  lUid  Hue,  for  the  flow  of  the  liquid  cinder.  Cast  iron  h-aming,  mth 
teiision  bolts  to  restrain  the  |>resflure  of  the  arched  roof,  and  the  stune  powcr- 
fiil  cliimney,  flro  roquired  as  in  the  puddling  furnace.  The  pUea  are  iiisei-ted 
into  tlio  fiiinace  on  a  "  peeler^"  and  disponed  on  the  Luttum  in  aiich  nianner 
tlmt  tlic  wor];mim  can  readily  turn  tliera  over,  or  gnisp  them  fur  withdnutiil. 
Tlie  number  charged  at  one  time  is  invereely  sia  the  aize ;  but  for  stuall  piles 
of  the  dimenaiouii  given  above*  tliey  may  be  tftken  at  eight  or  ten.  When  pro- 
perly diBpoaed  on  the  bottom,  the  cbargingdoor  i»  shut  and  all  cntrfmce  of 
ttir  KLTouud  it  prev<;Dted  by  a  tliick  dusting  of  small  co«l  or  asbca.  The  grate 
»w  cleaned  of  adhering  matter,  coals  ndded  to  the  fire,  the  Btoke-bole 
*d  with  the  fuel  so  as  to  prevent  the  ndniissiun  uf  air,  und  Uie  damper 
opened  to  ila  nidcftt.  An  inbenaa  beat  is  generotcd,  (usd  commmiicnted  by 
deflecting  fi-om  the  roof  to  tlie  chaige  in  the  body  of  the  fniTiaco-  The  pilea 
receive  tlio  heat  uneq^ually.  those  neui*est  the  fire-pUtee  being  heated  first ;  it 
is  tlie  duty  of  tlie  attendant  to  inspect  from  time  to  time  the  condition  of  tlio 
charge,  and  by  exposing  them  alteraatcly  to  the  etrongeat  action  of  the  lire,  to 
heat  Uiem  tn  the  same  tempcniture,  ocetmionallj'  turning  tliem  over  to  expose 
the  imdcr  side  equally  -nitli  tlio  otiici-s.  Wljeu  Oie  pUes  are  large,  turumg 
over  to  heat  the  under  side  is  t]ie  only  operation  to  which  they  are  subjected 
in  the  fumaco.  At  a  white  heat  the  softening  of  the  iron  is  followed  by  the 
flowing  of  a  quantity  of  cinder  from  the  interstices,  which  runs  dovm  the  Hue 
to  the  exterior  of  the  cbimjiey.  Considerable  dexterity  la  reijuired  in  manag- 
ing tlie  fire ;  for  though  in  tlieory  the  mere  heating  of  a  few  ma-sses  of  iron  mny 
seem  a  very  simple  operaUou.  in  practiLe  it  is  difficult  of  attainment  economic 
eaJly.  The  floiv  of  cinder  over  tlio  masses,  when  at  a  white  heat,  protects 
them  to  a  oonsidei'able  extent  frum  oxidation  ;  but  groat  care  mutst  bo  taken 
tJiaC  no  air  gains  aceeBu  to  tlie  inm  dming  the  proeeBs.  If  tliisprecQution  be 
neglected,  and  air  enters  the  ftn*nace*  either  tlirough  the  fij-e  being  too  open 
or  the  door  imperfectly  RenJcd,  the  metiU  ia  rapidly  oxidized,  and  great  loM 


..   iiim:  inim<iii"n:il  t'-r  tin- r 

lint  ill  iis  i^ru;:ri's^  iVnin   \hc  M; 
mall'-iilil*'  in>n,  in  tlio  iibsi'iu-c  di' 
ri'turii  to  tlic  fini(liti'.ni  (•!"  an  o: 
metal  would  ha  oxiilizod,  \vtro  it  : 
the  iitoltcn  ii'on,  tinrl  whicli  doo 
fonnod.    lu  the  puddliii;;funmct 
the  ^ax'atcst  caro  hiuI  skill  is  doini 
is  nut  lost  tlirough  wasteful  o\'v. 
Bltutiicd ;  access  uf  air  to  the  ii-oi 
state  in  the  ore.     So  much  of  the 
cesses  posses  back  to  the  blast-furii 
the  oxide  tlie  carbou  necessary  for 

The  heating  tlic  charge  to  the 
fortj-Iive  or  lifty  minutes,  when  th< 
them  with  a  i)air  of  hea^y  tongs,  an 
tlio  rollers.     A  frequent  ^^ractico  is 
floor  of  the  mill  to  the  rollers ;  but  i 
soil  the  iron,  and  injure  the  quality 
is  sought  to  be  superior,  too  much  ca 
contact  lEvith  deleterious  siibstaiiceH. 

Tlie  cinder  (lowing  from  the  irf 
portion  of  tlie  fused  sand  of  tlie  fnrn; 
of  brick^vork  of  tlic  interior  fused  I 
composititm  of  tlie  cinder  varies  wil 
contains  sixty  or  sixty-live  per  cci 
tliirty  of  silica,  with  smaller  quantiti 
phosphoric  acid,  lime,  magnesia,  ani 
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Tlie  rollers  used  in  this  process  \ 
heavy  bars  are  ritll'-"^  '■  * 
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commocly  abuut  six  feet  long*  Uie  fiiuHliijog  about  half  us  much;;  tiio  two 
pfiits  are  cou|il(*d  na  in  the  puddliug  tmm,  and  driven  »t  speeds  var^Tiig  from 
aixty  to  ft  hundred  and  twenty  TevolutiouB  per  mianle.  The  fraaifs,  soW- 
plate8,  conDOcting  spindles,  and  pinifms,  axe  required  to  be  heavier  itian  in 
the  ptiddliiigpnwess^flndgrontcr  aceuracj  and  iinish  are  requiied  tluronghoTit. 
Wlien  a  gtoam-engine  w  employed  to  drive  the  triiiua.  tJie  aiie  ouglit  to  oiTonl 
100  horae- power  t<i  pflcb  :  but  Hraidler  roUera  nrc  driven  iviUj  pro|u»rtionate!y 
J«a»  power.  Tlio  toolU-wliL'cLsi  to  bring  up  tho  H]*red  of  tlie  rollers,  the  fly- 
wheel  to  equalize  Uie  speed,  iitid  die  shafts,  frutnewnvk  of  ilie  mill,  and  sub- 
BtnuJtnre.reqTurp  to  he  proportiauntely  heavy JOid  strong.  AU  theparta  subject 
to  strain  ore  made  manytiracH  Htronger  thaw  a  casual  spectator  would  consider 
ueoi'fisary  ;  tlii^  h  done  to  avoid  the  loss  of  iron  and  labour,  nnd  the  ruinous 
dc\Ay  necessurUy  attendant  on  every  breakage  of  the  unichinery  employed. 

Turning  the  Hollers, 

The  rollers  employed  we  made  of  cast  iron,  of  as  hard  texture  as  can  well 
beworlscd  ;  soft  iron  is  inudmissible.  They  are  allowed  to  cool  in  the  mould, 
having  been  cast  on  end  ^^*itll  n  high  presanro  of  metal  to  insure  solidity  iji 
everj-  ]iflrt»  witlnnit  which  tJiey  are  useleBs ;  they  are  aftcrwartla  taken  to  tlnj 
tiillit*s,  nnd  placed  in  a.  centering-latlie  forturmng  the  axles.  This  ia  done  by 
tlie  projecting  end  of  n  wide  chisel,  iimdy  held  horizonlnlly  by  wedging  in  a 
east-iron  frame,  osid  jyreBsed  agoinftt  tlie  metal  of  the  roller  by  otlier  \vedgea  in 
tlie  rear.  Motion  is  eommttnic^atcd  to  tJie  roller  tlirougii  the  intervention  of 
puwerfiil  spur  gearings  from  a  stemn-en^ne  or  water  wheel.    Though  rude,  this 

process  is  more  expeditiouii  tliau  vdHi 
tiie  bighlyfiuifthed  lathe  of  tJic  engine 
munnfaclurer*  which  would  fipeedily 
ha  rendered  unserHdccnhle  if  forced  to 
cut  off  at  each  rerohition  a  tliick  ring 
of  coat  iron  from  a  cylinder  wcigluug 
Beveral  tons.  From  the  centering- 
lathe  tlic  roller  is  taken  t«i  a  second 
lathe,  and  ploecd  in  brrwaea  on  iU 
recently  turned  axlea :  motion  is  here 
commnuieated  to  it  through 
the  intervention  of  etrwng 
tooth- wheels  nnd  ppindlea  to 
till  amoimt  of  two  or  Uirec 
iM^ilutions  per  minute,  de- 
pending on  the  hardness  of 
the  iron  and  the  size  of  tlie 
roller.  Wjtli  hnrd  iron  tlio 
Telocity  is  reduced,  to  prevent  softening  of  the  steel  cutting- tools  by  heating, 
Th©  hardest  rollera  eiinnot  he  advantageously  tnmcd  at  grcnter  velocities  tliaii 
ona  revolutiop  in  three  minutes,  but  the  majority  of  gi'ooved  rollers  bear  tum- 
iog  at  the  higher  vdoeity . 
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....  .ii>i^ii  viirus  with  tlio  si.'ctini 
iiitrii(lt.-il  ior  ii  <'yliii(lri<':il  bar,  j,m-< 
nut  l>y  siiuilarly  sliapccl  tix'ls.  ( 
luu-s  liiivc  tlu'  g)'i.nA"La  of  a  tnan;^ui 
it  is  ol)\ioiis  that  lioyforui  citlivr 
iiiitl  if  miulo  tu  rcvuhe  bo  that  t!u 
move  in  the  same  diructioii  aud  wi 
2>usod  is  forced  to  tliQ  lifjirre  produ. 
Llic  BubatiiiitioiL  of  a  pluin  cylindri 
productioii  of  a  bur  hii\Tiig  a  Bed 
trinugiilar  form  of  the  siuylo  p'oo^ 
tlie  Bcctiouul  fonu  of  tlie  rollers  u 


Tig.  1. 


Fig.  3. 


Fiff-  4. 


Flat  bars  arc  X)roduccd  on  siiuihir  pri 
13  sunk  in  the  roller  much  deeper  Iha: 
excess  being  filled  up  hj  a  jirojectiiig 
merely  altering  the  dLit^nees  t.»f  the 
may  be  rolled  by  the  same  pair  vi'  ri 
;^roove  is  considond>le.  allinvan(.'r  has 
l)y  widoniiiji  tho  *""  •  *"  " 
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[he  sidtH  more  clearly.  By  careful  attcntifiu  to  iJie  fomi  of  tJie  gioove  and 
Brojectiiig  loiifjue,  very  many  appnrently  ilifliculL  secLions  mny  be  rolled. 

The  reduction  of  tlio  ivliite-hot  pile  of  put^dJe  bsu's  to  tlie  fhiisbed  merchant- 
bitrB,  i»  accomplished  by  a  BticcesBion  of  rollinjj's,  probably  twoK'ii  or  tift^oa  in 
nutaber,  each  time  throxigli  a  groove  smiiUer  iii  aecUou  tlinn  llie  prweeding 
one.  Tlus  produces  successive  elongationB,  corresponding  to  the  rcductjoii  of 
nn'ital  in  soction.  It  13,  howaver.  necessary  to  obaeiTc,  Hint  tlic  gi'oove  tbrougb 
whioli  tbt?  bnr  pn^ses,  wlulg  of  a  reduced  section  and  smnller  in  one;  dii*Gctif>n 
Ihirn  tbe  preiiona  fpfoove,  in  the  other  direction  it  ia  reqitired  ia  he  larger. 
The  rollers  in  their  revolntion  are  capabl«?  of  pressing  the  iron  in  one 
direction  only,  vix.  vertically :  tlie  decree  of  pressure  excrt<?d  in  tliis  direction 
may  be  vivrii'd  at  pleajraret  by  allowing  tlie  rollers  to  recede  from  each  other 
t»>  lUminish  it,  or  tli«  reverse  by  screwing  theiu  into  closer  contact  ■with 
the  ponderoufl  set gerefls  in  the  fram<?s-  But  the  roUora  are  incnpfible  of 
exerting  any  nction  horizontally  on  the  iron  in  tlic  direction  of  their  length. 
If  tlie  bar  is  of  a  section  tliat  admits  of  turning  on  edge,  and  paai^ng  between 
Uie  rollers  in  this  way  altemftt<dy,  the  width  of  each  groove  is  graflually 
diminished,  but  it  ia  in  cTCcess  of  the  height  of  tlie  preeeding  one.  Squares 
nnd  bolls  are  thus  rolled  ;  tlic  hori- 
lontal  itxjs  of  the  bar  being  lengtli- 

encd  iu  the    manner  flisplnycd   in  -X  \  / 

ttgfl-  U  nnd  10.  Fkt  bais  are 
tolled  in  grooves  hicretising  in  ^vidLli 
to  tho  last  or  hiiishing ;  but  Iho 
thickness   in    cneh   ia    diminished  ^^^*  ^^  ^-  '*" 

wry  rapidly.  With  very  tliifk  masses  of  iron  of  a  nnt-hottom  Bcctton,  it  ia 
not  iinnsual  to  work  half  in  each  roll,  ami  iiftenrards  rcinovo  Uie  ftngular 
|«ieee  at  iJie  sblu  by  repassing  it  through  the  lust  groove. 

To  ensure  tlie  delivery  of  the  iron  fieely  in  a  straight  line  -ivitlioHt  con- 
lortiouSi  great  attention  has  to  ho  paid  to  tlie  diameter  of  the  rollerB,  at  tlic 
points  where  Ihey  press  on  the  iron.  If  ono  bo  larger  than  the  other,  the 
jwripherj'  of  the  larger  roller,  by  moving  at  a  greater  velocity,  deflects  tho 
ircfu  from  it.  A  gi-oove  or  toiigiie  of  oue  roller  of  greater  diameter  on  one  side 
tliftu  Uie  other,  nnless  counteracted  by  a  corresponding  enlargement  in  theodier 
Tvilkr.  throws  tlie  iron  out  iu  a  spiral  direction,  from  which  it  is  almost  im- 
pogaible  to  straighten  it.  This  defect  in  tJie  turning  floldom  occurs  T\*itli  bars 
of  common  section,  but  nnnsuAl  seetiona  entail  a  mans  of  unseen  lahonr  in 
ptardiiig  against  its  oeeurrence. 

The  interior  of  the  grooveg  and  the  working  part  of  tlio  tongue,  if  any,  it 
Es  preferable  to  keep  emooth.  This  is  absolutely  ensontal  in  tlie  case  of  the 
last  grooves  tlirough  which  tho  bar  possps.  In  tlie  grooves  of  Llia  roughing 
I,  it  is  common  to  cut  uotcliea,  orotberwif>e  dent  the  working  Burface,  to 
a  Bnfficicut  acUiesiion  to  foreo  the  bar  through.  Tliis  ia  met  more 
ixiAv  by  increasing  the  diameter  of  the  rollers  to  tho  largest  praL'ticBhlo 
point.  Tlie  use  of  notches,  iu  auy  shnpe,  injures  the  fibre  of  the  iron,  besides 
hfTecting  tlie  surface  appeamncc  of  the  bar. 


j^Rcti'Vi 


...*«  iiiiiwu  tiiivu^ii  i>y  till! 
^Tiiov.'.  it  ]'i\ssrs  tlirou^'h  oa: 
the  inm  farriu^io  to  inuko  it 
roui^luMj^   roUors  l>o  a   snial 
immuuso  vortical  prussuio  on 
tiou  caoh  side  iu  the  I'onn  of  i 
against,  as  fmin  its  thimicsa  tl 
too  cold  for  tuniiug  down  and 
now  seized,  by  a  second  workin 
levers  fsec  pngo  32'J),  snsponri 
inserted  undonioaih,  liftin;^  it  i 
other  side.   In  its  descent  the  fi. 
its  former  direction,  and  piislic: 
dra%vn  in.     The  lii'tuig  back  an 
are  repeated  till  a  snitable  reduc 
to  which  it  is  eveutnally  transfei 
it  is  rolled  five  or  six  times,  th 
required  section,  each  time  tunie 
the  jointing  of  the  rollers  oth(?n 
iron,  constant  attention  is  paid  to 
be  formed  on  the  bar. 

The  top  roller  is  made  a  fract 
the  bar  down  on  tlio  guides  as  it 
two  tiers  of  hea^y  wedges,  the  po 
bottom  roller,  while  tlie  lower  tiei 
its  delivery  tlie  bar  is  conducted  i 
turning  do^m  underneath  the  roll 
the  guides  opposite  any  one  grooi 
to  return  under  the  roll,  and  be 
This  outward  accident  luiiy  also  o 
if  partially  oxidized  by  long  cxpoi 
portion  of  tho  pile  fionn^'**'-  ' 
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thicknesis  of  a  liair  eittier  ivay  readers  the  liar  uiihiih^ible.  If  obUgetl  to  work 
to  a  vety  exact  sectiou,  tlie  rollers  are  adjusted  ^vitli  the  greatest  care,  tlia 
tightenmg  xmd  set-scrcivs  ^riUiout  play,  and  frequent  exfiunmationH  made  of  tliQ 
bars  produced.  Wifli  tln3  greatest  core,  however,  n  few  tlaya  at  most  reBulta 
in  &o  mucli  abrasion  in  the  rollers,  Umt  they  have  to  he  sent  to  the  turner 
for  repairs.  Where  they  rub  ou  each  other,  Uie  surfaces  are  frequently 
lubricat^^  with  black-lead  and  ^ease,  or  carboiiQ^eous  matter  and  pahn  oil. 

The  overheating  of  the  rollers,  by  contact  T\'itli  the  hot  iron,  is  prevEinted 
by  small  streams  of  water  directed  on  the  parts  of  the  fiiuahing  rollers  liable 
to  beating.  With  bars  of  a  concave  section  on  tlie  upper  eurface  in  rolling, 
the  water  wbich  falls  on  tlte  red-hot  charcoal  aJQ'orda  an  instructive  ox.ampLe 
of  the  spheroidal  couditioa  of  water  in  contact  ^ith  substances  at  high  tem- 
peratures. While  the  bai'  remaing  at  a  bright  red-heat,  no  atcam  is  formed,  the 
drops  of  water  merely  rolling  over  the  surface  ;  but  the  surface  of  the  roUerar 
thougb  scarcely  heated  above  the  boiUug  point  of  water,  ia  eureloped  in  clouds 
of  steam-  These  phenomena  of  water  wero  known  to  o2>erati've9  in  rail-rolling 
milla  many  years  before  tlio  pubhcatioti  of  M.  Boutigny's  ei^peiiments, 

Durinp  tlie  Buccessivo  rolling.s,  Uie  great  pressure  exerted  on  the  bar 
expels  with  violence  a  portion  of  the  remoiiting  cinder,  and  leaves  the  irou 
comparatively  pure.  Tbia  cinder  13  composed^  to  the  extent  of  about  ninety 
per  cent-t  of  maguetio  oxide  of  iron :  the  remaiiiinrf  ten  per  cent,  of  fiilicap 
phosphoric  acid,  time,  sulphur,  and  other  LaBOS,  depending  on  the  local  coa^ 
«titutiou  of  the  crude  iron. 

Cuttintj  Bar-iron  to  Lentfth. 

The  finished  bar  is  taken  from  the  rollers  and  cut  to  the  required  length 
whilst  hot.      This   is    done  either  by  lever 
aheora,  as  in  tlie  case  of  puddle-bars,  or  cir- 
cular saws  revohiiig  at  great  rapidity.    The 
latter,  a  modern  inveution,  performs  Hie  worlt 
in  an  exceedingly  neat  oud  expeditious  mou- 
ncr,  and   ia  applicable  to  iron 
bars  of  all  siiiiea  irrespective  of 
section — fiii  advantage  uot  pos- 
eessed    by    any   slieura.      Thin 
merchant- boi's  are  frefjiiently  cut 
coid,  in  order  to  show  off  the 
tyxtiu^  of  the  iron ;   but  large 
bars  of  every  degcrip- 
tiou  ore  cut  whiLit  hot. 
^V   side   elevation  of  a 
sawing     appar&tua    is 
Iiero    given.      It  con- 
siffts  of  a  pair  of  Rteel 
discs,  four  feet  diame- 
ter  nnd  ono-cighth   of 


..    Miiitnlll.  Il.lh-^|l.■.l  upptniMlli'i 

ar--'  I"-;-^  Kmimili.     'rin-  ^■'(^nllll 
nllh".-  s:i\v  ;  tin-  j'i''.j*-.-linL;  ni.l- 
(riv:ii  (.*;\ri'  i^*  cituiniiiiiiy  n-qiiirt 
tliPll  flit  ntriv^nilatcs  the  bMi«ft.li 
in  tliis  respect.  tli«'  soroud  mo 
j^iiuj;..'.  \\ify  distiUKN.'  of  wliicli  fro. 
tlio  liiiLslioil  bar.     Allowjinco.  \u. 
bar  from  its  rod  hot  state  :  niul 
diffcronco  of  toiniKraUiro  at  whic 
ucnrly  unifonn  loii*rtli. 

The  saws  revolve  iniMl  to  l.'i«i( 
at  tho  cultiii'^'  cd^'..'  of  Hi  1 1  *-M-t  i 
ovorhcatiiif?  b\-   dippinf*  iiitit  imr 
Wlicu  cutting    till*  shower  of  sp: 
vicinity  of  the  saws  by  HUtstH-iioii  c 
tho  saw.     The  entire  ap]>aratiis  rv 
rovidvinj?  parts  evenly  bnlanced.  an 
pcdoistals  and  n  lieuvy  snbstrni-turrt. 
quire  sliarpenin<^r.  and  arc  then  rr]>l 

Tho  cutlinj;  into  Ion*;ths  roni[) 
mallets  on  a  massive  cast-iron  plan 
tics  of  the  edge,  fr«*iii  the  action  of 
tho  trade-mark  of  the  malcerstampc 
the  manufactunj  of  a  merchant-ba 
knomi  amongst  mannfactnrers  as  1 
commerce  it  is  known  as  coniniou  b 


lieetijt'ttuhfU 

In  tracing  the  progi-ess  of  the  n 
tlirongh  the  several  transformatior 
bar  of  malleable  '• — 


HECAPirfLATIifN    V¥    TllK    riiOOEKH, 


Ul 


heated  to  a  liigli  teaiperature,  and  idlowed  to  cooi  do^^^  for  filling  iiito  the 
blftst-furttace :  die  fiutlior  is  of  oivmiun  that  lliia  ia  a  process  properly  belong- 
ing to  tltd  blfist-fumace^  irhere  the  calcinatiQii  could  be  effected  i^'itljout  loss 
of  heat  ns  at  present.  In  tlio  smelting  proeeBA,  tlie  oro  is  again  heotcd,  fused 
along  wTith  fluxes*  nnd  deaccuda  to  ih^  luwer  hcarlh  aa  crude  irou^whenccjiti 
mnJiy  works,  it  lloivs,  ivithout  cooling,  into  the  rwtinerj-  furaacc.  The  product 
of  thirt  fiiniticc  may  either  be  malJLublo  blooms,  or  refined  metal,  according 
to  the  kind  of  furnace  used. 

Assujiiin^  thnt  the  Drudo  iitin  is  roiiiied  by  the  budlln^  process,  the  heat 
impiU'tcd  lo  llic  metal  in  the  blastfurnace  i^Hl  last,  through  the  wliculc  process 
of  reliuiu^.  balliuj*  uP'^^'^^^'^.V'i'i*^*^  ^''  Lanuner  or  sqnec^era,  fclnngtiim,  removal 
to  the  roUera,  rolling  in  two  pairs  rtf  rollL'ra,  removal  lo  the  sinjiu'd,  and  cutting 
into  short  IfUjLrthg.  It  is  nowaUoivcd  to  cool;  is  pLltd,  and  the  mnas  heated  in 
the  hentiiifi  furnace,  from  wh*inc«  it  is  taken  to  tlie  roxi^^bing-ri'llera*  Tiherc  it 
ia  Toiij^hed  Ui  a  tldck  nifl-'isive  bar ;  removed  to  tlie  fini  tilling- roller  a,  and  rolled 
to  ft  square,  romid,  or  Hut  bar,  as  raa^'  be  required.  It  is  now  tlrawn  out,  the 
ends  cut  with  tlio  cireiilor  &aw ;  sti'aightened,  Med  cleiui  at  the  ends,  and, 
finally,  btainped  with  ft  trade-mark  and  placed  a&jdc  as  a  finished  bar,  with 
one  sm^Oo  heating. 

The  BGveral  mechanical  operalioiia  performed  in  the  forgo  and  mill  on 
massicfi  of  iron  weigliing  several  ewts.,  are  t^xccuted  ■nitli  admiralile  prceisiou 
and  dex-terity.  Frequently,  the  same  bar  ia  i>aaaed  iifLeeu  or  sixtueu  times 
between  llie  rollers,  and  has  to  he  grasped  aud  released  twice  tliis  number  of 
tira&3  with  a  pair  of  hoavy  bai^s,  ivhen  aiovuig  at  the  mte  of  neaily  six. 
milos  per  hour.  In  iU  progrt^ss,  alaot  in  the  rollei's  it  has  to  bo  adjutitcd  in 
ft  diiTvrcnt  direction  caelt  tiino  it  is  passed  between  them.  AVheii  it  is  con* 
idilered  Umt  the  f^ubhitanee  tlms  hauiUed  ia  a  wlu&e  hot  piece  of  ii'uu,  K-m* 
posing  ft  Hiu'fttcc  of  from  twelve  to  thii'ty-five  feet  to  tho  operatives^  aud  io  a 

R;l>craturc  compared  witli  ivliich  the  t<jrrid  zone  is  cold ;  the  great  skill  uf 
men.  and  the  severe  bodily  lubonr,  will  be  aeea  to  surpass  everything 
iM^  the  least  analog^'  in  tlio  industrial  arl^  of  lUiy  comitry. 
From  tlic]>crind  when  Uie  bluoni  k-avea  the  puddUng-faruace  ta  Uie  delivery 
u»  jie  puddle-bars  frum  tlie  ahearijig  apparatna.  iiva  or  fiix  minutes  ^dlI  have 
«lApscd  :  the  time  occupied  in  CLtnvejing  the  pile  from  thw  hoatiiig-furnace, 
and  submitting  it  tu  the  aeveral  finishitig  openitiunfi,  seven  to  eiglit  minutes. 

It  may  be  remarked,  that  in  botli  pair.s  of  rollera  in  puddling,  and  nlao 

in  the  roUing-mill,  the  violent  couipressiou  of  the  iron  ia  attended  wiih  Oie 

evolution  of  large  quantities  of  cHloric;   sti  much  so,  indeed,  tlial  it  com- 

penantcs.  to  n  great  degree,  for  tlie  loss*  by  nuliiitiou  and  from  the  cm-rents  of 

wntcr  tlirowii  on  tlie  linishini^  roUord,     The  quantity  of  cflloric  thus  evolved, 

iqipeors  t4>  vary  with  the  character  of  the   iron.      Tlio  Soutli  T^'iilcH  irons 

require  to  be  rolled  qtiicldy.  or  Uio  bar  becomes  too  cold  nnd  hard  for  cuin- 

pX«aiou.     South  StaJTorilsliire  iron,  on  the  other  hand,  may  bo  rolled  slowly, 

■■^  13  eompressible  between  rnlleii*  at  gieatly  lower  tcmperatm-cs. 

l^fXho  ©xiJendituru  of  power  in  forcing  the  inm  i^ito  slmpe  in  tbe  larger  milla 

FwTCiy  great.     Fly-wheels,  eighteen  feet  in  diameter*  having  fifteen  toua  of 
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in  wliii'li  slii'it  ]U'rii!<l  tlur  ili-iii 
^rcnlly  in  rxct-ss  of  tin.'  ciitirr  . 
rnihvay  system.     'I'ln-  r;!ihvi)y> 
dostaii,  tho  AVcst  Iiidirs.  iiml 
slnictod  nearly  altn^^itlicr  Avilh 
South  StafTordshiro,  Srothnid.iii 
Tlie  sorernl  mihvays  alrrinly  ooi; 
<»f  Dritish  inanufnrturud  iron,  n 
mils,  and  ;*,M>0.0(m)  tons  of  oast 
used  ill  tlic  mnniifucturo  of  tlio 
tioii) ;  thus  representing  llic  disj 
cinide  iron. 

Tlic  BUjiplying  of  this  Inrjrc  q 
alterations  iu  the  roUinj^  dqiartr. 
niilway-hars  are  ronstnuted  of  11 
larfjcr  iiumhcr  of  hcutiiifj  funinccs 
responding?  increase  in  the  jaodu 
average  of  lao  tons  at  the  commc 
augmented  to  500  tons,  and  iu  so 
been  accomplished. 

Rolling  railway  iron  is  conduct 
sued  with  other  large  hnrs.     The  p 
desired,  grcnt  care  is  talteii  in  the  n 
hnr.    In  tlic  finishing  rollers,  the 
fonned  by  a  suoccsuion  of  intrieat 
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[Uires  a  cn-refiil  sclLclian  of  the  oi-«.H  i\^et\  in  llip  prntlnction  of  Lho  cnidc 
m  of  part  or  the  vrhol^  of  tlio  piidd!*'  irtui  iii  tUe  pilo.  jif'conUng  tu  tint!  strain 
exerted  on  diflcitut  parts  of  it  in  rtjlliii;^  lo  a  hny,  A  sketch  of  thn  gi'oovea 
formed  bj*  the  junction  of  a  \unt  of  i*o]lprs  fttv  rolHn^'  a  cotnitioa  form 
of  rsiilwiLy  bar,  the  "T  oi"  wtdj-fonU'iI  tit-ctinn.  js  pivcn  in  tho  preceding 
fi^fcire,  by  which  tho  conlif^'uroUon  of  Uie  desfeiuUng  senea  Js  seen.  The 
hat  fii-st  enters  the  jjroove  on  Un.*  h'Tt-hrmd  sidu,  and  is  KuccesaiVely  passed 
6U  to  ihe  Hf^ht-hrtiid  groove*  from  whciire  it  emerges  exhihitiiig  tJie  required 
section.  Thi.s  fonu  of  bar  i^  one  of  tlic  most  diflicnlt  to  roll.  It  will  be 
obsorvod  that  a  c*njsid*n'Jiblo  pnrUnn  of  it  is  thin^  conHOfjnuntly  liable  to  cool 
quickly.  A  Btill  gioater  diRiriiHy  i»  met  flith  in  Iho  dirtorence  in  diameter 
of  tliL*  workiij*»  portions  of  Hw  groovcfi ;  the  Hmallt*st  dijiiiieter  oectirs  Jiit  the 
e^giQH  of  the  tliiii  fiangea.  In  eonfiequeiieo  of  tliis  ditVoronce  of  diftuiettir, 
the  Bevei-al  portioiia  of  the  hiir  nre  not  pi*o|>elled  nltli  the  snine  velocity; 
tho  ^oatest  movement  occnrrinj;  witli  tlio  largost  diameter,  and  rice  ler^K 
With  widt5  flange  mils  Ihe  ditferenc(5  is  xevy  considenvble ;  for  iiistimce, 
the  part  of  the  roller  bearing  oii  tlie  body  of  the  bur  Avill  move  at  tlie  i*atc  of 
six  Tiiiies.  while  tlie  bottom  of  the  jjfioove,  whicli  presses  on  the  flanges,  will 
move  only  five  mile^  per  hottr.  The  distention  of  tlie  pails  of  tlie  bar  is  in 
*lirect  ratio  lo  the  diameter  of  tho  roller  of  that  part ;  huncen  a  diiect  ton- 
doucy  t^J  draj;  the  thick  portion  of  the  brtr  iiway  from  the  ll&nge.  To  counter- 
act it^  the  thin  pnrt  is  spread  out  to  great  Avidlh  in  the  second  groove  (sec 
«ketchi  ;  in  tho  sncccediug  grooves  tlie  additional  ivork  thrown  on  tliia 
amply  compensates  for  the  leaser  ih^tenKiou.  Without  a  provision  of  this 
Idlkd,  Ike  tldn  ed^^es  would  eriicU;  and  not  mifreqnently  long  stiips  pecL  oHV 
MpociftUy  with  iron  of  the  rednhurt  ehis^. 

liHil  hara  are  cut  into  lengths  with  circular  saws.  In  consequence  of  tlie 
holl*)wnefls  at  tho  nidcd  or  hi>ttom  they  eaiuiot  be  sliioni  hot  with  any  degree  of 
neatness;  nud  tln^  adaptation  of  cold  shea^rs  tu  the  pnTposc  fr^qneully  loaves 
a  hollow  cavity  in  tlie  end,  and  is  altogether  a  teihous  operation.  The  lirtit 
bftTB  manufactured  were  secured  in  huavy  cast  iron  blocks,  fitted  with  coun- 
t*rp«Tts,  and  closely  fitting  the  rtvil  all  round.  The  end  of  the  bar  was  made 
red  hot  before  insertion  in  the  cavity  of  the  blucU,  and  tlieu  cut  ivith  common 
blae.kKmitliH'  chisels,  any  incqnaliticH  beuig  removed  !>}'  ItUng.  The  Auhsti- 
tution  of  rovoh-ing  saWB,  ho^i'evcr,  has  enabled  the  manufacturor  to  square 
and  fiutflh  the  ends  at  has  thou  one-twelfth  the  expense  incuncd  wittt  lund- 
Uji^kfl. 

After  the  ends  are  cleaned  Ipy  fiJhig  vitli  lieavy  doublediandled  raspa,  Uir 
rftiln*fly  bar  is  aabjeeted  to  the  hot  Htraightening  prneesfl.  Tiiiti  is  i>crfom5od 
ou  a  missive  iron  hloek,  pluecd  over  its  siu'face  the  length  of  the  rail,  and 
CMft  of  ench  tliiekneijs  »s  will  prevent  tlexure  by  heat  Any  deviations  from 
a  rj||[bt  line  are  taken  oiit  of  tho  hot  bar  by  lonHdianfUed  wooden  mallets, 
ijaving  heads  nine  or  ten  inches  diameter,  and  ei}j;hteen  or  twenty  long :  iron 
faamniera  would  leave  au  inij^res^Hiou  on  the  soft  iron,  and  nre  therefore  in- 
adinia?iiblu  in  all  hot  straigli toning  operations.  If  tho  sei^iion  permit^  it  is 
now  stocked  on  a  level  p'uted  floor*  formed  of  bars  ou  odgo,  till  quit©  cold. 
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With  the  majority  of  tars,  however,  it  is  snibjecled  to  ft  further  hot^troight' 

eiiing,  or,  nioie  coirectly.  Iiot  he^jd- 

ing,  to  couutcrfltt  the  unequal  con- 

tractiou  of  tlic  sevcrnJ  parts  of  iJie 

bfti"  duiinp  cooling.     In  the  two 

secdous  tFijts.  I  and  Ji),tl;e  larger 

portion  of  llie  mctul  la  tliroivj!  iu  tlie 
head  or  Ti'e^nng  pfirt  of  tlie  ituIwd)*  bar.  If  a  brur  of  citlier  of  those  Bections 
be  made  perfectly  sti-aigbt  ivhon  at  a  bright  red  heat,  mid  alloivod  to  cooL  the 
thiimer  portLons  part  ^\itli  tlitiir  ]je»t  niid  coiitmct  more  rapidJy,  c-ausisg  the 
ruil  to  monientiuily  tako  tbt  prolile  represented  by  Fig.  8.    Tho  head  contain- 


FiB-1. 


Fie> 


Fiff.  3. 


ritf,  i. 


iiig  tlie  great  m^ss  of  metal  cooU 
very  slowly :  and  stjveral  hours 
nft*r  UiB  ilftjjges  JiavB  cnntmctcd 
nenrJy  to  the  nniovuit  du«  to  1h« 
reductiou  of  tcmpcrtituro,  this  part  coiitiiiuea  to  cooi  aud  contmct,  eventually 
OEitiBUig  the  bar  to  take  tlic  fc»nn 
rcpreiK'nted  iii  Fig.  4. 

In  prsiclice  thig  inequality  of 
conetruction  is  ohviated  by  cunning 
the  bar^  in  a  reverse  direction*  Ia  Uie  ftinoiint  of  cMrraturfl  whii-li  it  woiild  liav« 
tnki::!!  if  nlluwi^d  to  tool  fi"om  fi  strniglit  bar.  The  curve  takrn  by  a  bar  iu 
cooling,  foiiua  tlio  prolllo  of  a  maseive  caBt-iron  idoelt ,  over  wlikh  tlie  bars  are 
sticccBeively  bent  witli  lienvy  wooden  mftll^ tn.  Iu  doing  Ihiu*  ntt4»ntian  is  paid 
to  the  teinpemturc  so  tliat  no  serious  deviation  occurs  jfrom  thflt  nt  whioli  lh« 
iiiid  rftil-btir  took  its  I'Tino.  tJrcnt  care,  indeed,  ought  to  be  laltt-n  to  en£iire| 
the  bar  Inking  a  sLroij^ht  line  ydih  its  loss  of  hentt  or  permanent  iiytiry  ia.] 
cnuscd  to  the  iron. 

If  the  hot  strjiighteiiing  and  bcndiiig:  hnve  been  well  oondncted,  tlio  cold 
bar  will  not  deviate  greatly  from  a  Hglit  Hti* :  hut  rs  absolute  eorre^ctntss  is 
demtindoNil  by  tlio  piircbeHer,  the  liarH  s^ub Frequently  undergo  a  Keries  of  cold 
8ttiught(eningK  by  hammcra  or  prcRsure,  Formerly  the  heavy  i^lcdgc  hammer 
[lUlbB.  Ti-ci)j;ht)ivas  tie  only  ijistntment  iiBcd;  but  of  late  years  the  increased 
weight  and  stidhe^s  of  the  bnrB,  mid  the  jL^cnernl  desire  to  reduce  the  cost  of 
lurmiifiactiirin^,  have  jTsulted  in  a  very  general  adoption  of  niachineiy  for 
this  pnrposc. 

The  roil  fitrai^^litcning  press  conaiats  of  a  mnssivo  cast  iron  &niae.  with  A 
projecling  stand  on  euch  side  to  receive  the  tTsilwny  bar  ;  on  the  top  revolvra 
n  hirge  shaft,  cariyiu^  an  et-centric  com,  which  acts  on  a  slider  moving  verti- 
cally in  grooves  iu  the  lavoe  frame  immedintely  over  the  projecting  atajxil. 
The  bottom  of  tbe  isHdcr  is  slightly  bevelled,  and  at  the  dowTifltfolee rftoeheH 
to  within  four  or  five  inches  of  the  rftil.  AMien  stmighlening,  thohnr  rests 
on  two  Rholiuw  enpporta.  about  eighteen  inches  apart,  on  the  slond,  tlie  con* 
vex  side  up  :  a  wedj^e-shopcd  key  is  carefully  hiseiicd  imd^r  the  slider,  so 
tliJit  at  tbe  iowcKt  movement  the  slider  presses  on  the  rail  thrtiugh  the  inter-' 
venlion  of  llit.'  key^  and  removes,  at  one  pressure,  paii  or  whole  of  the  con- 
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vesitj,  Tiic  Dpemtion  ia  rcpLuilid  milil  jlU  ii-r.  ■jiiiliiriiies  are  tokon  out.  If 
tlie  bt^iads  in  the  bar  ore  very  aliort,  a  Ji;^:*  lU^Uiin-e  betiveeu  tli<j  supports  ia 
deinanLled,  Conaiiierable  dtiiicnc}"  ia  requii'ed  in  xiaing  the  taper  key  ;  if  pro- 
jected loo  far,  the  iiiil  tntty  be  bent  in  the  reverse  Jirectian,  or  completely 
l>ri>keD  if  miwle  of  colci-sliort  ii'on.  Commouly  tUe  fiEdtr  moves  up  and  duwa 
nLout  thirty  times  in  n.  miuutCt  theroby  euablia|[j  ekilful  workmen  tostraif^httin 
100  hats  dtiily  iua  single  pi-eas.  Thy  straiii  llirowuoji  the  approa^ht'S  i^  very 
great,  and  i^eutlere  it  neceasiiry  to  mako  tUo  wUok  of  massive  proportiouB. 

Pre<juently  Ike  bar^  after  leaving  the  ijLra,ifi[hton€r,  possesses  a,  dcgrt^e  of 
"wi«diiig"or  twist,  wliieh  is  detected  by  placing  ,thfl  etuis  on  two  planed 
blocks  accumtely  levelled  on  the  upper  eurface.  It  is  removed  hy  grasping 
tlie  endn  ivith  lon^  levers,  and  applying  a  light  torsional  strain,  until  the 
desired  efluct  in  produeed. 


Boihr  Plate  Iron. 

TJds  15  made  from  selocteT.  No.  'I  bur  iron,  -wliGn  a  guperior  quality  ifi 
sought ;  hut  the  larj*er  portion  of  tlie  present  mnnufacture  ia  rolled  direct  from 
pnddle  blooms.  The  pile  for  beat  phtte  is  buUt  short  and  ^ide.  with  nn  eqtial 
qftnntity  of  pieces  running  along  and  across  it.  They  are  broiight  to  a  wold- 
ing  heat  in  a  reverheratory  furnace  of  the  ordinary  description,  and  tak<*n  to 
the  pliite  ir(>n  rollers.  These  consist  of  two  pairs,  a  slabbing  and  a  finishing, 
both  of  a  pliiin  t^-ylindrieal  fonn,  chilled  io  extreme  hardnesa  on  tlie  surface. 
The  frames  in  wliich  tho  rollci^  revolve  are  furmahed  Tvitli  large  tightening 
flcrewg  (six  or  eight  inches  in  diameter) ,  by  means  of  which  the  top  roUera 
are  screwed  doMii  or  permitted  to  rise  at  pleasin'e,  Commoulyj  a  system  of 
levers,  carrying  balance-Tvcights^  is  Appended  to  one  or  I>ot!i  top  rollers,  to 
Jiroiuiah  the  ^v^'ight  on  Uie  oUier  rollers.  The  coupling  pinions  connecdug 
ihe  tip  to  tho  bottom  rollers  aro  frequently  dispeiiBed  ivitlt  in  rolling  thin 
plates. 

The  ahort  flat  pilo  is  poj^sed  Bevoral  tunes  hctween  ths  slabbing  rollers, 
end  or  sidewis^,  according  as  it  may  apjtear  to  reijiiire  dieten&aon,  imtil 
suffieieuth-  vi?duced  in  thickueHsi  for  the  finishing  rollers,  to  wlueh  it  is  traug- 
ferred  for  furlher  distensiiuiL  If  the  h'on  requires  it,  tlie  slab  is  reheated  and 
passed  botu-pen  the  slnlibiug  roUci*!^  a  second  iiaic,  in  its  reduction  to  a  suitable 
thinness  for  the  JSuiabing  roUei^,  Xheso  tue  made  of  tlic  haiikst  iron,  and 
liirnod  to  a  glaany  amootlmeas  on  Die  surface.  At  iirat  its  direction  between 
the  iiuishiug  rollers  is  regulat^id  to  aiipply  uny  omission  in  the  sluhbtug :  the 
object  heing  to  ussirailato  its  horbtonial  proportious  to  those  of  the  intended 
plato.  When  this  is  ncoomphshetl,  it  is  passed  finccessivcly  in  the  same 
direction  xmLll  the  desiri^d  tliinness  lias  been  attainetU  Metal  gauges  of  the 
lengtlx*  breadth,  and  thickness  of  the  plate,  intUcate  when  the  rolliug  is  to  bo 
discontittned.  The  shenriuj;  to  the  exact  size  is  perfomiod  on  the  cold  iron 
by  powerful  lever-sheara,  with  steel  luu\'e3  live  or  six  feet  long. 

The  manufacture  of  common  boiler  phxtes.  shipbuilding  plates,  and  much 
of  the  iufeiior  descriptions  of  shuuVirou,  is  oonducted  in  a  ditfev^nt  mamaer. 
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Tlic  ijuddjeball  of  the  boiliug-fumaco  is  hammered  into  a  flat  bloom,  two  of 
which  are  placed  togetlier  to  conBtitute  the  plate  ;  when  cold,  they  are  chai^ 
into  a  funiacc,  hcutcd  to  mcltiiig,  slabbed,  and  rolled  in  the  foregoing  maimer 
to  the  dcsirod  tliinness.  I%tes  made  in  this  manner,  however,  ought  nerer 
to  be  used  in  any  dcsciiption  of  boiler  building.  A  very  general  recourBe  to 
this  mode  of  miuiiifacturiug  has  unquestionably  lowered  the  character  of  boiler 
pliitcirun,  and  led  io  many  fatal  explosions.  Good  boilerplates  should  not 
bix-iik  ^\  ith  a  Ihhh  sttuiu  tlian  twenty  live  Urns  to  tlie  square  inch  of  metal ; 
but  much  of  what  is  manufactured  for  the  purpose  will  not  bear  more  than 
two-thkds  of  tliis  strain. 

^Tuil  Rod  Iron, 

Nail  rods  nre  manufactured  in  two  wa3-8 :  by  rolling  a  bar  down  to  the 
ik'sirod  section ;  and  by  cutting  a  tliiu  strip  of  iron  into  a  number  of  parallel 
iimIs,  by  means  of  i-evolviiig  shears.  The  lirst  method  is  pursued  \iith  iron 
for  hc'isu  shoe  nails,  und  tlic  su]icrior  kind  of  rods,  forming  about  t^vo  pel 
cent,  of  the  luauufncture ;  and  the  slioaring  with  the  remaining  ninety-eight 
per  cent. 

The  manufacture  by  shearing  strips,  is  known  in  the  trade  as  slitting 
nail  rods.  A  shtting-mill  cimsists  of  two  or  three  heating  fiimaces,  a  pair  sf 
grooved  roUci-s  for  rougliing  the  pile,  a  pair  of  smooth  chilled- iron  rollovs  for 
ilaUciiinj,'  it,  und  a  pair  of  revolving  shcai-s,  with  the  requisite  lever-croppinjt 
shears.  Hollers  and  shears  arc  commonly  placed  in  parallel  Unes,  seventeen 
or  ei<,'litcen  feet  npart,  and  driven  at  nearly  the  same  nmuber  of  revolutions 
per  minute  by  stionj;'  spur-goaring.  The  shears  are  foimed  of  two  pnris,  each 
consisting  uf  a  nmnbor  of  dis<rs  of  wrought-iron,  sixteen  or  seventeen  inches 
tliamcter.  edged  with  steel,  kept  the  requisite?  distance  apart  by  other  discs  of 
irtiu  of  lesser  diameter;  the  wlude  tinnly  bolted  together,  and  mounted  on  a 
cast  or  wronght-irou  spuidle.  Wlien  revolving,  the  upper  scries  of  steeled 
disc^  project  into  the  simccs  ul'  iho  lower  scries  (see  fig.  next  page) ,  Uius  forming 
a  iinniber  of  continuous  shearing  edges.  TIic  depth  which  they  pritjeet  is 
I'cgulated  by  screw-bolts  attached  to  liie  east -frames ;  while  the  entrance  of 
the  iron  to  be  shorn  is  regulated  by  gnides  and  plates,  sunilarly  ailjustcd  by 
screw-bolts.  Tlirough  the  bi.>ttom  of  a  cistern  at  tup,  a  shower  of  water  falls 
on  the  steel,  to  keep  it  from  softi-niug  with  the  heat  uf  the  bars.  In  front  of 
the  apparatus  a  wroiight-iron  grated  frame  is  conslmeted  of  iron  hoi's,  to 
receive  tlie  nnls  delivered  by  llie  slu'ai*s. 

The  mode  (»f  rolling  may  be  deseribed  thus :  Two  or  three  i>iocc3  of  i>ud*Uc- 
bar,  or  other  Ihit  iron,  ai-e  placed  to  form  a  low  julo,  which  is  bixjught  to  a 
welding-heat  in  a  revrrberntorv  furiuice,  and  transferred  to  the  grooved  rollers. 
In  these  it  is  distended  to  a  bar  ten  or  twelve  feet  long,  by  three  and  a  half 
or  four  inches  wide,  and  of  a  thickness  pi'opoiliouato  to  tlie  size  of  the  in- 
tended rod.  It  is  now  passed  bet^vcen  the  smootli  rollers,  so  as  to  reduce  it 
to  tlie  prceif^e  thickness,  and  at  tlie  same  time  remove  any  rouglmess  on  the 
face  of  the  iron.  It  is  now  of  a  iridth  somewhat  less  than  tlie  breadth  of  the 
u{>per  series  of  steeled  (hscs ;  and  on  iusertuig  one  end  of  the  strip  betn*ecn 
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t&,  a  is  dmvni  on  by  the  ruvolviii^  glienrs,  nud  cut  iuto  ss  many  ruda 
are  Bicseled  disca  iu  ita  widtli.  Tlie  dividni  rods  tire  sevvncd  ou  li^'ht 
bd  tnjmtartcd  to  tlie  grutiiig.  Tim  sbipa -vaiy  sdjghtly  in  widlh  ;  and 
Kfh  ia  the  ca^.  or  Uie  iron  i^  of  a  weak  rod  short  cLiLracter^  n  number 
Efect  rods  fire  fjbnm  oB^  tLu  sides,  and  passing  aside  the  guides*  req^uir^ 
kcleamitig  from  the  appnratub. 

[finished  rods  are  rut  to  loiiytli.  weighed  into  liimdlea,  ajid  tit;d  up  by 
arotmd  ihcin  tliree  or  four  Emull  bojitls  uf  hot  ii'on.  If  placed  in 
r  in  carriages  for  coiiveyauco  to  piuchoiiijr.-^,  grcitt  coie  E^hould  be  tiiliou 
y  do  not  fTtt  wet  aud  ruslod  on  llic  Rurface.  Hods  prepared  by  tihenr- 
'  readily  he  distiii^iifihtrd  fiuni  rolled  roJii  by  tliu  concnvity  of  the  oife 
Tcxity  of  tlie  opposite  eitlc ;  tlic  otlier  two  sidta  also  show  the  cuitiag 
f  die  shears,  and  two  Gtlj;;es  project  tiUf^htly  with  minute  Beiraliona. 
nvpidity  ^iiiLh  wiiicli  uoil  rods  aro  produced  by  lliia  procesB  is  per- 
lir^'elloiia  ti_>  th<5  uiiiniliatcd-  ^Vorldiig  on  the  jaualler  sixes  of  rods^  ft 
iugtlirce  lenj:i[tlis  at  once,  as  is  now  geuei*$Uly  d<juc  iiitlie  larger  mills, 
ninety  to  a  hundred  rutis  at  each  operation,  iH]Ub1  to  tiic  cautinuoua 
'  of  a  single  rod  thi-ough  tlie  week  at  a  velocity  of  ten.  miles  per  hour. 
p  iron  is  nianafacturcd  from  mnaU  piles  or  billets,  rolled  lii"st  bet-wten 
iJlcry  hflvinp  groovc3  on  tljeif  circinnfcreneo,  and  kstly  I>etwcen  a 
hard  cylindiicfll  rollers,  iu  whith  it  is  pressed  to  the  width  and 
ed.  The  great  len^i  of  tins  bars,  jUid  their  tendency  to  cool 
era  it  neceeearj' to  piopel  the  grooved  roliens  at  very  hiyh  veloei- 
t  Ihe  ftmoutli  pair  are  driven  at  the  more  Ufiual  apeed  of  nmety  ur  u 
revolutions  per  minute.  Thl^  pair  requires  to  be  exceedingly  stron^j, 
that  the  iroji  may  be  finished  eumpiu:a lively  cold,  and  Uiereby  cany 

i  flats,  aqnares,  bolts,  and  line  irons  generally,  are  rolled  i\-ilh  tJ*flins 

hflviuiL;  three  rollere  in  height.  The 
addition  of  a  third  roller  to  each  bot 
expedites  the  roliiii;^  one  half,  inii8- 
mucli  as  iJtc  operation  is  continued 
in  both  tlirectiotis,  iustead  of  letux'ti- 
iiig  iJie  bar  over  the  top  roller  as  in 
lar«^o  mills-  The  rollers  are  com- 
nionly  ei^ht  or  nine  inches  in  dici 
irtcter ;  the  roiifjliiug  sut  Uiii'ly  niches 
loJijt,  the  second  twcuty-four,  and  the 
iiiiibhiwg  nine  inches  long :  three 
rotl^srs  in  hei^tht,  instead  of  the  tivo  in 
ClrciilaTCotl«nforNaU<nxt..  other  tnUIs,     A  speed  of  ^^0  reVuIti- 

r  tniniile  is  common,  and  preferable  to  slower  working:  nt  this  veio- 
'peripher}'  of  tJie  roUermoves  over  six  milef*  per  hotu' ;  and  calculating 
tt-ftl  raovenieut^  of  the  operatirtfi  in  following  (iie  bar  Uirough  the  dny, 
m  that  acverftl  of  Ujem  walk  more  than  twenty  miles  daily  at  thia 
(to. 
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Tho  rolHiig  of  smiiU  flata  ami  squares  in  bucIi  trains  is  L-ondacted  on  prin- 
ciples svtnilai-  to  those  pui-.sued  iu  larger  milk ;  but  the  round  iron  is  rolled 
idtU  tlie  assifitatice  of  double  gxiidcs.  Small  piles,  or  solid  |itec«ii  of  iron 
termed  "  billets,"  are  roiitjhed  bet^vccu  tbe  first  pair  of  roilcra  ;  in  Uie  second 
the  iron  is  first  couvt^rtcd  to  a  square,  and  then  into  a  bar  of  an  oval  sectvia, 
predsely  equal  in  arcivtu  tlmt  of  the  iukndod  round  bar.  The  fjrooves  in  the 
short  finishing- rollers  {of  which  tliei-e  are  only  two  in  rolliijg  rouudfi)  ore  of  ui 
exftet  semiciiculfti'  shape*  and  togetlier  fonn  o  complete  circle.  The  oT»l  bfli 
is  preBeuted  to  these  rollers,  guided  in  a  vertical  direction  bj  chisely-fittiiig 
iron  blocks,  where  it  is  violently  compreastil  to  a  jterfecUy  cylindrical  fintn. 
To  ensure  this  l;ieiu^  done,  there  must  be  a  ngid  coireEiipoiidenoe  botweeti  \hi 
oval  aud  circle.  If  tho  oval  i;^  too  ^laeXl,  the  dcjiciency  of  metal  to  fill  thi 
circle  13  seen  in  the  tlatttiu^d  ddcs  of  tlie  Utter ;  If  luo  Urge,  Uie  cxee^a  of  mctAl 
is  frequently  forced  out  at,  the  sides,  furmhtg  thin  llaiigea.  If  tlie  gnidcfi  foil 
to  hold  tliQ  bar  suAit^icntly  tight  to  prevent  ita  turning  aroirndp  llio  bar  is 
similarly  spoiled.  As  may  be  imagined,  it  is  only  very  good  iron  that  nill 
stand  the  violent  alteration  of  structure  ivhen  coniparativdy  cold. 

Oa«  K^fiaing  FomKCfla,— Si^vcral  nttempU  have  been  mode  to  introduce 
gaseous  fuel  iuto  Emeltinjr  aud  pudtllhig  operutiotis  ;  but  hitherto  uith  iu- 
ditTerent  success  in  tlua  country.  It  sceniB  to  u&,  loukbig  iheorcticiklly  at 
the  questiou,  that  if  combustible  gases  are  j^cucrated  from  tho  soUd  fuel  and 
Bpphed  to  such  pui'posea,  that  ia  aceaiapliahed  by  a  comphcalod  process 
which  can  he  juore  advantageously  attained  by  using  tiic  fuel  itself.  Tho 
chemical  world,  however^  in  not  >veU  informed  on  this  subject;  4ind  we  wait 
with  much  iuttrest  for  Mr.  Abel's  report  to  tlie  Minister  of  War,  of  the  reault 
of  hia  inveslJgaUoua  into  the  gaa  furnaces,  and  other  refinery  processes  in  nsa 
iu  Upper  Sik'sia,  Pniasia»  and  the  Austrian  iron-w^orltai  vi'hich  are  said  to  ha 
at  variance  with  our  conclusions.  Raasouiug,  however,  from  our  present 
imperfect  information,  if  we  would  produce  the  highest  heal  from  fuel,  hU  its 
carbon  must  be  coavcited  into  carbonic  acid,  which  is  done  in  every  Tr<*ll- 
cotistructed  furnace  witli  brick  walls,  where  the  layer  of  coai  ou  the  grate 
does  not  exceed  seven  iuchos  for  bituminouB  eoal  and  eighteen  for  aiitLm- 
cite.  Combustion  tlius  conducted,  it  is  practically  found,  obtains  the 
greatest  heat  and  th^  largest  quantity  of  it.  The  principle  involved  in 
forming  gas,  i^  to  use  a  thidj  hiyer  of  foals,  iLud  convert  all  the  oxygen  and 
carbon  into  carbomc  osdde ;  introducing  fresh  oxygen  or  atmospheric  'nir, 
at  a  propter  place  behind  the  grate,  and  Uius  converting  the  cnrbonia 
o^do  into  carbuiiifl  acid.  If  perfect  comhusiion  of  solid  fuel  is  prixlnred 
in  the  gntte,  aa  much  heat  is  obttLined  as  in  forming  gas.  l\ut."ticul]_v, 
indeed,  it  ia  stated  tliaL  iu  weUcoustructed  furnaces  there  la  less  fuel  u.sed  by 
burmug  it  direclly  than  is  required  in  generating  gas.  In  the  caw  of  rcver- 
borutory  foroaces,  tho  use  of  gaa  in  incoiLsiatout  \^itli  wound  prmciples— aflame 
is  there  required  ;  hnt  by  forming  and  burning  carbonio  oxide,  no  flame  ia 
produced,  and  radiation  of  heat  cannot  be  cxt^cted, 

Thoma  has, however,  recommended  the  emplo^Tnent  of  the  gaseous  results 
of  the  combui^tion  of  coid,  wood,  and  turf,  as  a  fuel  for  smelting  iron  ;  and  in 
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Scotland,  and  ftlso  m  Norn'ay,  Ibe  exiwruueat  has  be eu  tried  of  cmployiDgh}'dro* 
geu  for  tliia  jjurpoae,  conjointly  with  the  hotblaflt,Ts:ith^ie  result,  it  is  atated* 
of  A  hi;4h  rate  of  combustioii  and  diuiimahed  waste  of  fuel.  In  the  itonworka 
of  Urefens.  at  Orebroe  iii  Nonvay,  the  hydrogen  Mtia  developed  in  a  eyatem 
of  thirty-two  tubes^  hoittod  on  one  iddo  of  the  furnace^  and  placed  in  communi- 
cation with  four  o\heT  horizontal  tubes  of  doulde  the  diinenEioiiB  of  the  first. 
Tha  thirty-tM'O  tubes  are  arrnnged  in  four  rows ;  they  iti'O  charj^ed  with  light 
irood-chitrcoal,  and  sL^ain  i^  made  to  pang  through  them,  having  in  its  course 
to  traveree  n  confiidentblfi  disifuu^t;.  The  steam  generator,  \s*hich  13  cylin- 
drical in  shftpc,  is  placed  over  tlie  tlaujij,  and  the  ^vater-IeVfil  is  kept  e\"en  by 
lutfans  of  n  force-pump.  At  the  extremity  of  each  tube  is  a  ecreAV-stopper, 
whicli,  hinng  removed,  pt-rmits  of  the  ashes  being  cleaned  out  or  a  new 
ejjarge  introduced,  Tho  resnlta  of  niatiial  decomposition  arc  hydiogen, 
carbonic  exidc,  and  a  little  carlionie  acid  gas^  whicli  mo  transmitted  into  the 
rtmuice  uadumeatli  by  a  small  pip^i  msliing  foilli 
irith  A  strong  blofit.  Mid  burmngwith  el  rcddish-^een 
coloured  flame. 

The  gtisfumaceff  nt  the  Kunigshiitte*  in  Upper 
Silesia,  for  refining  and  puddling  piirposes,  are 
ftmmged  so  as  to  be  fed  titlicr  vith  compost  burning 
maleiial  or  inJJammable  gna.  The  accompajiying 
cngrairixiga  arc  a  vertical  section  and  plan  of  one  of 
these  structures,  of  ^vhich  Ihe  follo\sinf^  is  a  descrip- 
tinn  : — a  is  a  gaa-n^onerutori  ^vliu-h  is  fed  through  Uie 

oiihco   ^,  closed   by 

ihc  iron  plate  tf.  Tbe 

paws  enj^en- 

U«rcd     pass 

Uirou«U      V 

into  the  fiir- 

nuocm.  The 

hoi  •  blasts , 

!«4    tiirough 


iNn  tiibea  t  into  tlifi  cylinder  T.  pasa 
from  hero,  partly  intn  tlie  (jas  gene- 
rator a  and  partly  into  the  furnace  m. 
Tlie  bla&t  passes  tbrouj:^h  Ibo  tube  c  into  the  ebeet-iron  box  h,  and  llionce 
tJtruwgh  two  tuyeres  <■/  into  tho  gaa-gunenitor    Tlie  otiicr  portion  of  the  blast 
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pfisfica  Lltrouglj  the  tiibca/iiito  tJie  cylinder  «,  tlience  thron^U  the  tnbcsi 
intii  thti  box  k,  fknd  tlicn  into  the  fiimflce  m  strong  pull's.  The  heat  eta  W 
further  mcroa^cd  bj  the  auxilmiy  gmte  h.    TheturereB  I,  wlueli  aid  the  fvfine- 


........4 
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meut  of  tlio  cast  iron,  are  cptuiectcd  by  mufilea  with 

aim  cylinder  */,  and  tlie  njnouiat  of  eir  allowed  to  cnlcr 
Cdn  be  accurutc^ly  rogulntcd  by  tups,  r  13  die  fluf 
through  'vvliiclt  the  Immcd  gasca  pass  iato  Uie  cliimaey  H.  ;*  iJie  working- 
liolti,  (J  tlio  nuininp[  ii|>euuig.  n  u  arc  casMi^oii  liues,  intended  tt>  pn'Mluoc 
n  violent  di-nught  ixtidL'i-  tbc  cast-iruu  lu'arlh  fuut  along  the  side  trails  af  the 
fiimaco,  in  ojilci'  to  coul  it. 

We  tii'c  ivitlioiit  inJViniin.Lioii  iis  to  the  results  of  tJiG  Sdeiijiaii  experiments, 
hut  bijUeve  w  ouly  echo  tlu^  oi>iiiioiia  L*f  the  beat  pmcticnl  muLallurj^ta 
when  we  Btuite  that  gas,  imlctis  it  cau  be  fli'a^vu  aS  h\  tlic  &ha|>e  of  wasto 
heat,  cnuuot  be  y>i"oiitahly  applied  to  BiiieUtiig  purposes  r  t!ic  only  u&ofuXj 
apjphcdtiou  iif  {foseyus  Atol  is  ivhen  hot  i;'n*iL's  ai^e  prevented  from  pa8slug< 
RWfty  iu((j  lUu  uiTt  and  tlioir  htat,  iiiatoad  of  being  wasttid,  ia  flbstraotod  for 
sojne  useful  puriKwe. 

It  might  hn  well  to  mention  llmt  the  hot  j^ja^es  from  the  ^cuei'ator  ft,  pass- 
ing ijito  tiie  chtunber  of  tlic  fiuuaoe,  ai'C  iguJt<;'d  to  tvliiteii<!ss  by  the  jets  oCj 
hot-hliist  i  find  IL  The  tiiycre  pipes  fmiii  whence  these  juta  issuc^  ore  bi> 
arranrjud  tliut  a  miiximnni  lumpemtnre  is  produced  on  the  char^'e  of  iron 
oppoHitc  the  workhif^  ilot)r  1*.  The  quftulity  uf  hot  bbiiitai-Uiuttcd  tfirouiih  these 
hiyci'cs  is  sidttpttd  to  ilw-  roqiiii'tmbiitrt  of  the  metiil  muler  tri'Htment,  nnd  Hm 
paiiiciihii"  gla^%  of  tJio  proct^ss.  AMi^^u  the  iion  is  in  ilit;  solid  stiit«»  Uie 
quriTiliLy  is  rcgnlutcd  to  the  proiJnetion  of  the  highest  teiui^cmture ;  after 
fusion,  ctrr'arbaniizatioti  of  the  pif^-iron  re/piircs  that  it  should  he  in  excen  of 
tlie  quiintity  nocessjiry  fur  the  cojuhnsiitvu  of  Uie  Kuays,  that  froe  i>xygfiB  may 
be  present  in  the  fumitro  for  tlio  combitation  of  the  carbon  of  Uie  nietnl.  Tbo 
alloyed  carbon  liaviut»  been  bnmt  oJf,  the  qiiantily  ndiniltod  is  ugoin  itduecd 
to  the  proportion  nece-^sor)-  for  tlie  comhustiou  of  tlio  hotgasea,  ftud  the  ball- 
ing up  of  tlio  ii'on  completed. 


COSIPARATIYB   COST  OF  WOOD   AND   GOAL-FUEL.  2&1 

iling  with  gas  is  practised  to  a  limited  extent  iu  Uhenish  Prussia. 
B  few  instances  the  gas  is  taken  from  the  blast-furnace,  but  more 
tly  it  18  generated  in  the  small  ovens  attached  to  each  puddling  fur- 
Ue  fuel  used  in  the  distillatory  process  consists  of  dry  wood,  charcoal, 
or  turf.  At  on  iron-work  where  wood  is  used,  the  charges  are  eight 
white  and  mottled  iron,  and  each  furnace  brings  out  t^t'enty  to  twenty- 
B  of  puddle-bars  per  week,  witli  a  loss  in  the  working  of  five  per  cent, 
quantity  charged.  The  consumptiou  of  timber  is  about  four  cubic 
one  cwt.  of  puddle-bars. 

i  second  works,  tlio  charge  consists  of  ten  cwts.  of  gray  pig-iron,  which 
Old  a  half  hours  under  treatment  in  tlie  fuiiiaco,  with  a  correspond- 
Inction  o(  yield  or  produce.  Tho  timber  consumed,  cord- wood, 
8  nearly  nine  cubic  feet  for  one  hundredweight  of  puddle-bors. 
ig  with  the  gas  of  Ugnite  is  also  carried  on  experimentally. 
Loagh  turf,  lignite,  and  fine  cones  have  been  experiiucutally  used  for 
ing  the  gas,  the  preference  seems  to  be  given  to  wood ;  and  with  the 
tg  data,  a  comparison  may  be  drawn  betn'eeu  tlie  relative  commercial 
igcs  of  cool  and  gas  fuel  in  English  puddling  furnaces.    The  selling 

cord-wood,  of  the  kind  used  iu  the  mines  of  this  country-,  averages 
shillings  per  ton,  or  sixpence  the  cubic  foot.  AVitli  tlie  miiumimi  con- 
m  of  four  cubic  feet  of  wood  to  tlie  hundi'edweight  of  bars,  tlie  cost 
»e  two  sliillings ;  whilst  with  the  larger  consumiition  of  nine  cubic  feet. 
d  amount  to  four  shillings  and  sixpence  for  each  hundredweight  of 
"oduccd.  Bituminous  coals  of  the  description  commonly  used  in 
g,  cost  about  eight  sliiUings  per  ton :  tlio  consumption  of  a  mixed 
of  pigs  will  not  exceed  twenty  hundredweights  to  tlie  ton  of  puddlc- 
oduced.  Hence,  tlie  cost  witli  coal-fiiel  will  ha  about  five-pence  to 
dredweight  of  puddle-bars.  Contrastuig  tliis  with  the  fonuer  estimate, 
en  that  while  in  England  coal-fuel  for  the  production  of  a  stated 
7  of  bars  costs  fivo-pencc,  tlie  gns  fuel  of  wood  cannot  be  substituted  at 
n  from  five  to  eleveu  tunes  this  sum. 

comparative  barrenness  of  the  Gennnn  metallurgical  districts  in 
.  fuel,  and  tlie  generally  inferior  quaUty  of  the  small  deposits  being 
t,  has  resulted  in  considerable  attentiuii  being  paid  to  the  economical 
tion  of  gases  in  i>uddling.  It  is  doubtful,  however,  if  there  be  any 
iges  from  its  use,  except  in  special  cases,  or  ^\'hcro,  from  its  great 
nee,  the  timber  is  held  to  he  of  little  value  in  comparison  with  tliat  of 
r  pit-coal.  Certain  it  is,  tliat  the  use  of  wood  fuel  in  puddling, 
-a  the  existence  of  the  manufacture  on  a  small  scale  compared  witli  its 
•n  in  England,  where  tlie  quantity  of  standing  timber  iu  plantations, 
Ac,  would  scarcely  suffice  for  the  wants  of  tlie  puddling  furnaces 
3500  iu  mimbcr)  during  a  single  year. 
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HtCESTLY  PATESIKD    ItEFlNISG    PIH>CE89ES. 

We  now  come  to  deal  mth  ei  class  of  metallurgio  pTocesses  which  liare 
recently  much  occupied  llie  public  fittention— au  (ilteution  which  Ihcir  im- 
portajiee  fully  justiJiefi,  We  allude,  of  coiirstj,'lo  tlio  procosijes  pateiitedor 
otlierwise  Im^iiig  for  object  the  conversion  of  ordinary  cftst-ii-ou  inlo  malle- 
able iron,  by  the  application  of  air.  or  air  aiid  ateaui  comljiiiod,  without  Uio 
iuteireutioii  of  fuel.  We  canuot  tut  legrot  that  the  necessity  for  consecaUve 
publicalioii  compeiu  us  to  Ukkc  up  the  subject  iu  its  preBcut  misettled  slate, 
U3  we  hopdsd  to  have  comimmicntwt  more  estact  inforuiitdon  on  these  imjrortaiit 
iuventioiis  than  is  at  present  attainable. 

The  reotlvr  who  liaa  attentively  fallowed  our  account  of  the  processes  by 
which  iron  has  hitherto  been  converted,  must  have  been  struck  with  Ihe 
luboriona  character  of  tlie  wholo  series  of  opt^rations  ;  more  eiipfcjally,  when 
he  considers  tlie  gigantic  efforta  required  on  llio  iiirt  of  the  worJuneu  in  the 
puddlinjr  and  rohniijg  processes,  will  he  bo  r(.ms**il  tn  the  inipoi'tance  of  any 
diacovcry  by  which  even  a  portion  of  tliis  hiborious  operation  nm  he  dis- 
pensed mtl^.  Nor  when  Uie  economical  considcrfttiona  which  enter  into  Ih' 
ij^iestiou  oro  horti«  hi  niind*  will  it  surprise  him  Unit  the  change  in  the  1 
matiufivcture,  which  it  waa  presumed  wiiuld  at  once  follow  the  nniioimccmc' 
of  ilr.  Bcasemers  discovery,  ehottld  have  created  nn  o^ciLeme^t  aim' 
umouuUug  to  \i  panic  in  tlie  principal  ii-on  diHtricts.  Itwas  not  in  the  nn 
of  tilings,  however,  that  swvli  startling  and  rapid  chasit^i'b  should  at  once 
volop  thcuiselvcs  in  perfection  ;  the  pruccss,  lIiLTrrnre,  although  watched  wi 
much  hittireat  by  tliosc  interested,  ia  at  pruaent  only  ftdt  to  be  a  step  iu  «d 
vance  of  the  older  processes,  which  will  h*^  welcwinely  received^  sliould 
experiments  now  prcpaiin*^  on  n  liirjj;c  siciile  fulJil  tiie  exijcctntions  ent 
tained  of  it.  The  inventions  to  ivluch  we  huve  ttUndod  we  shall  take  ill  their 
chrouoluijical  order,  bt'giiuiin;^  willi  the  earhcHt  of  them,  namely — 

Mr*  Fl&&t'8  FTocesi. — Of  tliiri  pt'ocesa  no  specification  has  been  p 
liahed;  wu  nin-it.  therefore,  avnil  ourselves  of  the  cnndcnsed  report  given  ol 
iu  tlio  *'l*ondon  Journal  of  Arts."  Tho  patent  is  dated  July  1*^,  1^4W ;  in 
Uio  patentee  claims  to  have  nuide  an  imprvJvemcTit  jjl  making  bar-iron  hy 
\ise  of  either  hot  or  cold  blasts,  with  steam  jeLa  and  atniospheric  air,  or  with 
st^nm-jets  by  lliemsclvca,  to  be  uaed  in  rognlathig  tlie  heat  in  tlie  pnddtiJi^- 
ohftrabDra,  citlier  with  the  orditiaiy  damper  in  tho  draught  of  the  chimney, 
or  ^vith  a  spi,«eial  damper  and  apparatus  adapted  to  liia  invention. 

This  apparatiLs  consisLg  of  a  puddhn-j  furiKice  of  ordinary  dimcnfiions. 
having  three  Uuesi  of  tuyeres  across  the  top  of  the  fiuTiace.  each  line  couaist- 
iug  of  three  tuyeres  one  inch  in  diameter:  tlie  line  furthest  frou  tlie  cliim- 
tiey  bemgfnr  tlie  blast,  tho  other  two  being  steam  tuyeres  for  tJie  puddling  «nd 


5 


MK.    >f.\lll  IKN  S    I'lUH  Kss. 


prqmmtory  chtinibors.  The  Mast-tuyoros  iiro  tu  bo  cnpublo  of  ti  jircssiiro  of 
one  pornid  ,and  upwards  to  the  square  iuch ;  Uic  steam  to  be  used  at  a  pres- 
Bore  of  t«n  pounds  and  upwards. 

The  blast  is  to  be  introduced  at  the  top  of  the  puddling-chnmbcr,  in  a 
Wanting  direction,  just  behind  the  lire-bridge,  so  as  to  draw  tlic  Hame  down 
npon  the  whole  surface  of  the  metal  as  it  enters  the  puddling-chnmber ;  the 
steam  being  introduced  as  nearly  as  possible  at  tlic  same  spot,  aud  thrown  in 
like  manner  upon  the  whole  metal. 

By  these  means,  it  is  stated,  the  heat  of  the  furnace  and  prcparator^*- 
chambers  can  be  regulated  ^\ith  great  nicety,  \titliout  employing  the  damper 
nniaUy  inserted  in  the  chimney  of  a  puddliug-fumace.  A\lien  tlie  metal  is 
melted,  the  blast  is  shut  off,  and  steam  introduced  tlirough  the  tuyeres  until 
the  iron  boils ;  the  steam  is  then  turned  oil'  and  tho  blast  brought  into  action 
till  the  iron  appears  above  tlio  cinder,  when  tlic  blast  is  again  sliut  off  and 
the  iron  finished  in  tho  usual  manner  by  tlic  ordinary  di'aught.  Tlic  heat 
of  the  puddhng-chamber  is  raised  or  lowered  from  time  to  time  by  raising  or 
kwering  the  damper  over  the  firo-bridge. 

In  this  process,  a  greater  sepai'ation  of  tlie  metal  is  caused,  it  is  pre- 
nimed,  by  the  blast  of  air  and  jets  of  steam  tlirown  tijion  the  metal ;  and  the 
carbon  and  other  impurities  are  supposed  to  be  more  thoroughly  removed  by 
the  infusion  of  the  ox3*gen  of  the  atmosphere. 

Maitisn'a  Process,  to  which  wc  shall  now  call  attention,  is  tliat  patented 
by  Joseph  Gillot  Moi-tien,  of  Newark,  New  Jersey,  in  September  1855,  aud 
baa  for  its  object  tlio  purification  of  iron  when  in  tlie  molten  state  from  the 
blast  or  refiniug-fumace,  either  by  air  or  steam,  or  vapour  of  water  applied 
from  below,  so  that  it  may  rise  up  amongst,  and  completely  penetrate  and 
search  every  part  of  tlie  metal  previous  to  congelation,  and  prior  to  its  being 
ran  into  a  reverberatoTy-funiace  for  puddling.  By  tliis  meons  the  manufac- 
tore  of  wrought-iron  by  puddling,  and  tlie  manufacture  of  steel  from  cast-iron 
in  the  ordinary  manner,  are  stated  to  bo  greatly  improved. 

In  carrying  out  his  invention.  Air.  Martien  employs  channels,  or  gutters, 
so  ananged  that  the  numerous  streams  of  air,  of  steam,  or  of  vapour  of  water, 
■re  passed  through  and  amongst  tlio  melted  metal,  as  it  flows  from  the  blast- 
inniAce.  This  is  done  by  subjecting  the  metal  to  tho  action  of  streams  of  air 
or  steam,  as  it  passes  from  the  blastfurnace  before  it  congeals.  The  apparar 
tna  recommended,  consists  of  cast-iron  channels  or  guttera,  having  the  bottom 
hollow  to  receive  steam  or  air,  or  botli.  Tliis  gutter  is  pcrft>rated  with 
holes,  obliquely  inclined  in  tlie  direction  of  tlie  flowing  metal,  so 
that  the  streams  of  air  or  steam  may  bo  forced  through  It  as  it  l^ovrs  along 
fbe  gutter.  Tho  stream  of  air,  however,  may  also  be  passed  up  through  the 
metal;  or  the  holes  may  be  inclined  in  the  opposite  direction,  so  as  to  oppose 
the  flow  of  the  molten  metal.  When  the  hot  or  cold-blast  is  used,  tlie  hollow 
bottom  of  the  gutter  may  bo  connected  witli  tho  air-pipos  used  for  supplying 
the  blast;  or,  when  steam  is  employed,  the  gutter  may  be  connected  with 
the  boiler.  By  these  means,  tlie  air  or  steam  introduced  ri»cs  up  through 
the  metal  in  nomerons  streams,  aud  tlic  iron  is  stated  to  be  perfectly  purified 
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lifter  it  has  tcrnie  fi'om  the  Ijljistfuruftce.  and  before  oouf^eLation  takeg  }>kc«. 
The  irou  thus  piiriiied  may  be  alloived  to  cuol  in  tlio  mouldy  or^t  ma-y  run 
from  tlie  gultci"  itito  a  rovurbcratorj"  or  otJicr  reliiujig  furnare.  to  be  hosled 
ftud  pnddied  iii  tUe  usual  tnaiinoii*.  In  this  process,  the  novelty  tbiimcd  Is 
Lhttt  of  imnf>i.ii|^  iron  from  u  blii»t'fiu'naL''C  while  still  in  a  molten  staU^,  vritb- 
out  the  iutcrveutlim  of  fuol ;  tlnis  preparing  it  for  Uio  pnciiliijig  process  in  ft 
Hiatc  of  greatoi*  porpLiuticm  limn  by  the  old  process.  The  perceptivu  facolht'tt 
of  Jatncs  Na.^mytlu  to  uko  the  words  of  lSli\  Endues  Adanin,  the  emincul 
tiiril  etigntccr,  "  Oetccttd  tho  mhsiu'dity  of  fit'ttini;;  a  iiunibor  of  UnmtQi  being's 
to  stlv  up  a  raelnLIie  puddinij  in  order  to  tlnxjw  olT  the  scnm  iu  ihe  shape  of 
hIu-t  of  ohider.  His  remedy  was  a  nicchniiical  one — to  canAR  tlio  mASS  ta 
boil  like  a  pot.  by  forcin;^  steam  into  it  from  bdo-sr,  the  ib*>iiG  of  steso 
begimiiiig  before  the  molten  iniisa  waa  poured  in,  so  as  t*)  iiisiire  Mgaisat  Um 
stoppage  of  the  piT^^gfB.  But  si*ain  is  not  ex:i<*tly  foci.  SJid,  iiiBte«d  o( 
iiicrcasin}!^  tendfi  U)  loiver  lliic'  tcmpLTattirc  of  tlie  maBs  of  jrou." 

Wi,  Clay'i  Fvocesfl, — Aiiioiif^  other  inpenions  mvcntluus,  we  may  here 
mention  that  of  Jlr.  Clay  of  llii^  Mersey  Iron  Works, — an  ijivcuUoti  for  whieb 
;t  patent  wo^  takon  out  and  a  Bpooitiuulion  lodged,  as  nppUcu.ble  t>otU  to  intd 
li!ablc  iron  and  east  .stcL<1 ;  although  all  drum  for  the  latter  purpose  hasoisOft 
been  "withdni^rii  in  favour  of  Ctiptain  Uchatius"  process,  Jlr.  Ciay  propotos 
to  refine  tho  cnulo  irou  by  a  proeoss  of  gi'anulatloii,  protlucud  by  di'opping  iron 
In  a  molten  state  from  a  lofty  ton'cr  into  a  water-tiiafc,  after  the  nmnncr  in 
\^'hioh  small  lead-shot  is  cost  In  thi^  process,  ho  states  tJiat  Uio  highly 
R-^pamtetl  mctnl  is  pnnH*^d  by  contaet  'wilh  the  air  in  its  len^lienetl  desj?c?nC» 
and  by  tlie  ehemieal  liuinye  produced  by  immersion  in  the  water,  so  that, 
\vhcu  again  nicetted  fur  the  puddling  fui'uacc,  it  is  divested  of  most  ef  the  im- 
ptiriliea  of  cnide  iron. 

For  the  puii>oaes  ot  this  invention,  irtm  may  be  obUinod  either  from  tli€ 
Ifhvat  fimiacf,  from  nliich  IL  may  ha  nin  out  in  a  molleii  at^ite,  or  it  may  be 
iiieltcii  down  from  pip  or  scrap  cast-iron.  The  granulation  of  the  iron  ifl 
effected  by  causing  the  metal,  when  in  a  molten  stub?,  lo  nin  tlirough  a 
pi?rforated  plate  of  metjil  or  other  mnt<^riah  placed  at  the  top  of  a  tower-shaft 
or  well ;  bj'  this  mi?au«  it  will  bo  divided  into  small  shot  like  particles.  In  its 
descent  ia  this  stat*.^  friini  a  suitable  hei^dit.  varj'ia^  accordin}^'  to  the  miture 
and  quality  of  the  irou  opemied  upon,  tlic  metal  will,  during  its  passage  through 
the  air,  be  paTtially  docftrboimed,  inasmuch  ft$  tlie  oxygon  of  ordiu&ry  atmo- 
spherie  air  acta  with  considerable  force  in  decorboimiug  Uie  metal  sls  it  fiii 
thronj^li  it ;  it  ^-ill  thus  be  rendered  more  auitablo  for  working  up  by  pudi 
iuta  malleable  bm'-iniu. 

It  i.^  t^ometimcs  advi^ftblo  to  charge  tlie  air  in  the  sU^fl,  through  wliidi  tlie 
molten  metal  is  to  pass,  witli  aiiilteinll}'  prepared  oxygen,  or  witli  some  othvr 
dceiirboniziiitf  pas  or  vaiwiir,  wJiiuh  will  produce  a  more  vij!;t>rous  deearbotiiziiig 
aetion  upon  tliL^  iron.  This  may  be  effotted  by  tlic  decomiTosition  of  th«  mtlts 
of  [Kitiish,  Buoh  as  cliloruii*  of  putash,  ur  nitrate  of  iK>tadh.  lioUi  of  which  cqn- 
tnin  considt  ruble  quuutitit  s  of  oxygon ;  aud  llich"  dtcompoaition  may  \m  effiffctad 
either  by  dn^ppin^'  the  red-hot  motalf  iu  a  i^aniiiatcd  or  loiely-divided  atate. 
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upon  a  bed  of  the  salts  of  pi>tash,  or  by  heating  the  sahs  in  ii  ivtort  until 
oxygen  is  given  out  Other  minerals,  also,  such  as  man^nose,  may  be  em- 
ployed, either  alone  or  in  combination  witli  otlicr  substances,  as  oxygenating 
iganU.  The  patentee  also  emploj's  the  more  simple  means  of  iucrciftsing  the 
oxygenizing  powers  of  atmospheric  air.  by  introducing  a  blast  or  draught  of 
lir,  either  hot  or  cold,  as  may  be  found  most  ctlcctive,  into  the  tower  do^Mi 
which  the  iron  is  descending.  Dry  steam  may  also  be  applied  to  cll'eot  the 
object  in  view. 

Mr.  Clay  has  fonnd  tliat  by  allowing  the  molten  metal  to  fall  tlirough  tlic 
air  a  distance  of  about  seventy  feet,  a  satisfactory  result  has  been  obtained ; 
this,  however,  depends  both  U|>on  the  quality  of  the  iron  and  npuu  the  state 
of  preparation  in  tlie  shaft.  WitlL  atmospheiic  air  ut  the  onlinary  pressure, 
the  metal  requires  to  fall  tlirough  a  greater  distance,  than  if  charged  with  tlio 
artificial  means  above  referred  to.  The  granulated  pai1ii-les  uf  molten  iron 
may  either  full  into  vi*atvr  at  the  bottom  of  the  tower  or  well,  or  thoy  may  bo 
eullcctcd  in  a  vessel  or  reHcr\'oir  placed  for  the  purpose. 

The  decarbonized  metal  thus  obtained,  it  is  scarcely  necessary  to  add.  is 
collected  together  and  remelted  into  ingots  or  bars,  preparatory  to  undergoing 
the  onlinaiy  treatment  of  hammering  and  rolling. 

My.  B«*a«nex'a  Vxoceaa. — ^Wo  have  now  to  speak  of  that  proce.<is  of 
Mr.  Bessemcr's,  which  has  an'cstcd  so  much  attention,  even  i>f  tlic  ordinary 
reader,  in  tho  last  few  moutlts.  Mr.  Bcssemer's  il]-»t  patent  is  dated  January  4, 
18M.  Others  he  has  since  taken  outbearuig  date  February  12,  May  15  and  31, 
18A6.  To  tlie  most  complete  of  these,  namely,  that  of  February  12,  1U5U,  we 
shall  direct  our  attention.  In  the  s|>ecificatiou  now  before  us,  tlie  invention 
is  aaid  to  consist  in  the  dccorbonization  and  refinement,  in  whole  or  part,  of 
the  crude  iron,  which  is  either  obtained  in  a  fluid  state  from  tlie  foniaces  in 
which  the  iron  pre  has  been  reduced,  or  in  tlie  decarbunization  and  refine- 
ment of  crude  pig  or  finery  iron,  by  remelting  the  pigs  in  a  suitable  fiimace 
■0  aa  to  obtain  fluid  mctul  capable  of  being  treated  by  the  process  wo  are 
about  to  describe.  Tliis  consists,  lirstly,  in  running  the  fluid  iron  from  the 
ftmace  into  a  close  or  nearly  close  vessel  or  chaiuber,  fomicd  of  iron,  per- 
forated with  openings  to  receive  tho  tuyeres,  and  lined  with  flrc-brick  or  oUier 
material  which  is  a  slow  conductor  of  heat.  When  this  vessel  is  almost  half 
filled,  numerous  small  jets  of  atmospheric  air,  or  gaseous  matter  capable  of 
erolving  sufficient  oxygen  to  cause  combustion  of  tlic  carbon  of  tlie  iron, 
are  forced  into  and  among  tlio  fluid  metal,  cither  in  a  cold  or  previously 
healed  state.  "  Atmospheric  air  or  oxygen  is  thus  introduced  into  tlie  metal, 
in  avfficient  quantities  to  produce  a  vivid  combustion  among  the  particles 
of  tiis  fluid  metal ;  and  to  retain  and  increase  its  lemxicrature  to  such  a 
il«|[HM,  that  the  metal  will  continue  fluid  during  its  transition  state  from 
enide  iron  to  that  of  cast  steel  or  malleable  iron  witliout  the  application  of 


Mr.  Bessemer  stated  in  the  paper  with  which  he  ushered  his  invention  to 
the  British  Association,  that  for  tlic  lost  two  years  his  att<!ntion  had  been 
almost  ezcfaisively  directed  to  the  manufacture  of  malleable  iron  and  steel,  in 
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which,  howt.'ver,  ha  had  ni&do  but  little  progress  Tintil  irilliiii  the  last  eijilit 
or  tiino  niont]i5.    The  constant  pnlling  down  and  rebaikUng  of  Amuweg,  nnd 
the  toil  of  daily  expeiTineiits  vriih  largo  charges  of  ii'on,  liad  ajready  begun 
to  cxhaiiKt  Ills  »tuck  ofpatienco  ;  but  llie  iiiiineroQs  obscrratiuiiif  madedui'mg 
tills  very  improini^hi;^  period  all  teuded  to  conJirm  an  fiitircdy  ceiv  view  of 
thfl  fiubjc'L't,  wliieli  at  that  time  forced  itself  upon  liia  aU<t?ntJon — -Tiz.^tliAti 
he  covdil  prudnco  a  ranch  more  iiiteuBc  lioQt  wilhoxit  any  furnace  or  fueK  linn 
could  be  obtAiiied  by  citber  of  ilie  niodili cation 9  liithorto  ti3ed»  and  con- 
aequtiitly  not  only  iivoid  Uio  injurious  action  of  minfnil  fuel  on  the  inm 
under    oper;itiou,  but  ftt  Hic  same  time  avotd   tho  expcuse   of  the   iwA 
Some  preliininaty  trials  were  made  on  from   10  lb.  to  201b.  of  iron,  and, 
altlionp-di  the  proeess  vaa  fmught  ivith  coimidersblc  ditHciilty,  it  c^chibiK^il 
such  unmistalceable  si^jpis  of  sueeess  aa  to  induce  Iniii  at  once  lo  put  up  aa 
apparatuij  capable  of  couvi?rtin^  about  t  CTvt.  of  critde  pig  iron  into  maUenMa 
iron  in  thirty  minutes.     With  such  niasHOS  of  metiil  to  operate  on^  lliy  dd!i- 
culties  nlikh   beset  the  smaller  cxperimenia  entirely   disappeared.      On 
this  new  field  of  inq^uiiy,  he  set  out  witli  tlie  (iseumptiou  that  cmdo  iron  eon 
iJUiia  nbont  five  per  cent,  of  carbon  ;  tliat  eai'bou  cannot  exist  nt  a  "^vbite  heat 
in  t!ip  proi^etice  of  oxygen  witliout  uniting  llierewith  and  producing  combna- 
tiou ',  tJmt  such  ooinbubtioti  would  proceed  T-t-ith  a  rtipidity  dependent  on  the 
amoimt  of  surface  of  ejurbon  exposed  :  nnd*  lastly*  that  the  tempenittuje  whioli 
tlie  metal  would  thus  acquire,  would  be  also  dejwndciit  on  tlic  mpidity  wil 
which  tlic  oxj'gen  anil  carbon  were  iimilc  to  combine,  and  consequently  that 
Wfts  only  necessary  tn  brin^  the  oxygen  »nil  carbon  t*?getlier  in  such  a  manot 
that  ft  vast  3urfa<?e  shouhl  be  expoaed  to  tlicir  mutual  action,  in  order  to  pri 
ducc  n  temporatitra  Mtbortn  unattainable  in  our  largest  fwniaoes.     With 
view  of  leHtJng  practically  i\m  tlieon-,  he  eonstnicted  a  cylindrieal  vessel 
three  feet  hi  diameter  and  five  feet  in  height*  somewhat  like  nn  orduiwy 
cupola  fumQce,  the  interior  of  wliich  wns  Imed  witJi  fire-bricks,  and  at  about 
two  iijclies  from  the  bottom  of  it  five  tuyerepijHja  were  inserted,  tlie  nozzles 
of  which  were  ftmned  nf  well-bitnit  iireclny,  the  oi-ifice  of  each  tuvere  bei 
about  three -eighths  oT  an  inch  in  diittiietor;  they  wore  so  put  into  the  brie 
lining  (&om  the  outer  side)  as  to  adtnit  of  t!ieir  removal  and  renewal  in  a^^ 
miintea  when  tliey  were  worn  out.    At  oue  side  of  Uie  vessel,  about  half 
up  from  the  bottom.  tbeT*e  is  a  hok  made  for  rnnnin^  in  tlie  crude  metal :  son 
on  the  opposite  siile  tbere  is  a.  tap-bole  igtopped  witli  loam^  by  means  of  wlucl 
tile  iron  is  run  out  at  tlie  end  of  the  process. 

The  appftiatua  by  which  it  h  now  proposed  to  cany  out  thi*  procMC*' 
differs  aotiiewhat  from  that  described  above  :  it  ia  a  cylindrical  vessel,  mounUtd 
on  axes  imi  plaecd  at  llnj  centre  of  gravity,  Of  this  vessel.  Fig.  1  is  ait  end 
elevation.  The  vcsbi^I  is  formed  of  elout  plates,  secured  by  angular  Iron 
flanks  to  the  cast-iron  plat**g  /f,  atreugtliened  by  webs  or  ribs  of  iran. 
c  c  are  iron  frames  secured  hy  bolts  ti  to  tbc  mnsonn%  or  foundation  da 
wliich  the  operation  reRts.  The  frnroo  c  rises  liighor  than  tlio  cithers,  und 
ha?  plummerbloeks  ^e  bolted  to  it.  on  which  the  sbnft  /'revolves.  A  worm* 
wheel  ^  ifi  keyed  firmly  on  to  the  axia  /\  and  receives  motion  from  th^  worm 
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mored  by  the  handle  i.  At  the  point  of  junction  of  two  of  tho  webs 
be  seen  a  boss ;  inte  this  boss  a  stud  is  fixed,  to  which  a  chain,  or 
•rod,  may 
ched,  BUS- 
over  a 
from  tho 
r  BnpiK)rt- 
counter- 
I  weight, 
>  fiicilitato 
vemcnt  of 
isel  on  its 
nd  assist 
orm-wheel 
igh. 

i  intention 
ng  the  re- 
ressel  thus 
}d  on  axes, 
I  conveni- 
;  offers  for 
;  out  the 
netal  into 
got  mould, 
ch  purpose 

famished 
ip  or  spout, 

is  placed 
10  with  the 

the  latter 
kept 


riy.  1. 


in  a 

position  for  removing  the  fluid  contents.  The  air,  or  other  gaseous 
1,  which  are  to  operate  on  the  metal,  must  be  compressed  vriib.  a  force 
■  than  will  balance  the  weight  of  a  column  of  fluid  metal  of  a  height 
o  the  depth  of  immersion  of  the  jets  below  tho  surface  of  the  fluid 
This  air,  as  will  afterwards  be  shown,  is  introduced  at  tho  sides  or 
r  the  vessel,  through  small  holes  formed  in  the  fire-clay  lining ;  so  tliat, 
ring  the  chamber  on  its  axis,  the  holes  in  tlio  fire-clay  may  be  made  to 
d  beneath  the  soifiaco  of  the  metal,  or  raised  above  it  as  may  be 
L 

fig.  2  is  represented  a  longitudinal  section  of  the  converting  vessel,  in 
0  give  a  more  correct  idea  of  its  construction.  Tho  section  presents,  at 
le  of  a"  and  at  a  point  beyond  tho  outer  edges,  tho  bosses  a*,  which  are 
nit  truly,  and  fitted  and  keyed  to  the  axes  b  b ;  and  on  tliese  the  vessel 
0  to  move  when  tamed  by  the  worm-gearing  g  h  (Fig.  1).  At  r  there 
pa  which  commonicates  eitlier  with  a  blast-engine  or  steam-boiler,  or  it 
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may  be  made  to  comiuuuicDto  ivitli  a  reservoir  of  oaygcn  gaa,  or  m>v  oI 
gasfrouft  matter  rapable  of  evol-ving  oicyg<n»  either  in  ft  cold  or  hejit^d  fl4 
TLe  pipe  r  is  fitted  to  one  end  of  the  tnmition  or  axis  ^,  n  hicli  b  hoUcw, 


u 


injijnnrLE 


3 


^ 


(£] 


provided  Ts*itl»  o,  6ttifl[iiip:-hoi,  or  othtr  jcupt,  bo  «lb  to  allow  of  the  moremenl 
the  axis  wUlioiit  interferiaig  vitli  the  pnaEage  of  U»y  nir  or  other  mntti 
tlii'ou^'h  it.  This  pipe  ie  rontijiiied  to  &,  and  along  i\ie  outside  i^f  the  vee 
S,  -ivlieru  it  reqiiircB  to  be  turned  tmij  on  its  exterior  fiurf«oe,  having  fiW 
to  it  several  suihU  branch-pipes  tt,  each  of  wliich  has  a  ~^  piece  eoimerl 
to  it,  ti'hlL^h  is  bored  out  truly,  so  n.B  accufately  to  fit  tlie  exterior  of  i 
pipe  S;  thuB  adimltiiig  of  the  j>ipc  u  being  moved  on  the  pipe  S  iato 
proper  jwaitioii.  The  object  here,  is  to  towneL't  Ihe  blast  engine  Trith  i 
converting  vessel,  along  one  Bide  of  ivhich  tliere  la  a  tow  of  square  hoh 
into  these,  small  blocks  of  well-bumt  fire  clay  are  closclr  fitted,  and  held 
position  by  ratoming  a  little  loftm  into  tlie  joint  formed  betwe^m  them  a 
llic  lining  vt.  At  ouo  of  Uioae  blocks  or  tuyi-rc^s,  tiie  pipe  u  in  fitted  b; 
simple  enne  joints  tlio  other  ends  of  the  tuyere  blocks  having  Bcveral  am 
perforalJoiiB  leading  iulo  one  larger  passage  eoimnHnieating  Tvith  the  pi] 
« :  n  commmuyutioii  is  tlma  esiabliElied  betiveen  numerous  points  of  1 
iiiterior  tsiiifjire  of  llic  coiiverting  vessel,  and  the  blaAtetigino  or  othox  ap 
ratiis  used.  A  fcliucc-cock  on  tlie  pipe  r,  enables  the  wortoau  to  turn  t 
off  or  oa  as  required. 

The  manner  in  "^vhich  these  jiJpcs  and  tnytres  Get  fljll  bo  better  imc 
stood  by  tlio  fidlowin^'  engi-aTiu^tt,  whore  Fig.  S  rc-prescjiis   n  accti' 
the  piije  u,  and   the  mode  of  fitting  it  into  the  pipe  S;  vbileFig,  4 
tbcm  in  tJieir  ordinnr^-  Tvorkin**  position.     It  vtjU  be  bpoii  by  Fig.  3  th 
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has  an  opening  at  x  oppodte  the  orifico  of  the  pipe  u.    Wlien  these 

Dcenpy  their  ordinary  posl- 

a  in  Fig.  4,  the  air  passes 

through  the  opening;  but 

he  tayere-blocks  require  re- 

%  the  pipe  u  can  be  turned 

the  union  joint  formed  at 

kction  X  :  free  access  to  the 

18  thus  obtained.  The  man- 

which  these  pipes  act  upon 

tal  in  tlie  converting  yessel 

wn  in  Fig.  0, 

ain  in  Fig.  6. 

tayere-blocks 

formed  of  one 

ereml  smaller 

■es,  one  being 

o  answer  per-  ^g,  $,  ^i„  4^ 

weU  in  prac- 

ley  must,  however,  be  made  to  fit  exactly  into  the  pipe.    These  pas- 

ometimes  get  obstructed ;  to  provide  for  tiiia,  a  screw-plug  (Fig.  3)  is 

.t  the  back  of  the  elbow  of  the  pipe  u,  wltich  may  be  removed  if 

necessary,  and  a 
steel  rod  thrust 
through  the  aper- 
ture, so  as  to  re- 
move any  accumu- 
lations of  matter. 

The  interior  of 
the  converting  ves- 
sel itself  is  lined 
witli  fire-brick  or 
firc-stonc,assho^m 
at  m  (Fig.  2) ;  and 
arrangements  ore 
made  by  which 
this  lining  may  be 
renewed  or  repair- 
ed eitlier  by  remov- 
ing one  of  tlie  end 
X^lates  a',  wliich 
rig.  5.  can  be  bolted  on 

again;  or  a  man- 
ly be  deviaed  in  the  side  of  the  vessel  through  which  tlie  lining  may 

ired  without  this  removal.    The  peculiarities  of  the  vessel  itself  we 

>w  describe ;  and  in  order  to  convey  a  correct  idea  of  it,  we  give  two 
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illustrations  (Fijrtj.  5  aud  G)  :  one  a  vertical  section,  exhibiting  tlie  vessel 
uhilo  tlie  metal  is  iu  a  molten  state,  witli  the  tnjeres  in  full  operation ;  tho 
other,  a  fiiniiliu*  section,  irhcre  tho  fluid  uictol  is  presumed  to  he  puhfid,  and 
in  the  act  of  being  poured 
out  into  tho  moulds  and 
fonncd  into  ingots.  In  caeh 
of  these  sections  ihe  pecu- 
liar lip-like  f.^nn  of  the 
spout  n  of  the  vessel  is 
shoAMi;  thisprojecluigsjtout 
is  for  tlie  purpose  of  nui- 
iiing  out  the  lluid  motnl, 
and  is  made  to  project  from 


tlie  vessel  so  &r 
as  to  bring  it  iu 
a  line  with  tlie 
axis,  so  that  into 
w'liatcver  posi- 
tion tlie  vessel  a 
may  be  moved, 
the  extremity  of 
the  Up  71  may 
retain  the  same 
position,  or  near- 
ly so;  thus  allow- 
ing the  stream 
of  metal  flowing 
over  it  to  fall 
into  the  ingot-mould.  By  reference  to  Fig.  0  it  will  be  seen  that  at  m'  the 
lining  is  formed  so  as  to  prevent  the  sing,  and  other  impurities  floating  on 
the  surface,  fioni  flowing  out  until  after  tho  metal  itself  has  run  out.  On 
each  side  of  tho  spout  ii  there  is  a  curved  passage />  (Fig.  •'^),hy  means  of 
which  tlio  fliunc  and  gaseous  products  evolved  during  the  i)roccss  may 
escape ;  but  tlio  i>lashcs  of  the  metnl  thrown  up  by  jets  of  air  are,  for  the  most 
part,  prevented  from  escaping  by  the  seri)entine  fonn  of  these  outlets  iu  the 
converting  vessel. 

Having  thus  minutely  described  this  apparatus,  lot  us  follow  its  author 
through  the  process.  "Wlien  the  chnmbcr  is  about  half-filled  ^^■ilh  fluid  metal 
drawn  from  a  smelting  or  remeltiug  funince,  atmospheric  air,  either  in  a 
cold  or  heated  state,  or  gaseous  products  capable  of  evohing  comluytion  of 
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the  carboa  contained  in  tlie  iron,  is  blown  or  forced  into  and  among  the  tluid 
Dietal ;  and  this  is  found  Buflicient  to  keej)  up  tiic  retiuixed  temperature 
ihuing  the  process. 

The  size  and  number  of  jets  or  tuyere-pipes  re([Uired  for  this  purpose,  vary 
according  to  the  quantity  of  metal  operated  upon  at  a  time,  and  also  witli  the 
condition  and  quality  of  the  metal ;  thus  forge,  pig,  or  relined  plate  metal  wUl 
nut  rcfinire  so  much  oxj'gen  to  complete  its  carboni/ation  and  conversion  into 
malleable  iron,  as  is  required  for  the  couvci'uiou  of  crude  iron  of  the  <juality 
knoTvii  as  No.  i  or  No.  2  foundry-ii*on.  To  tlicso  qualities  of  metal  a  tuyere 
is  required  having  an  outlet  larger  by  about  twenty  per  cent,  than  is  used  for 
the  white  quoHties  of  iron.  The  patentee  hesitates,  however,  in  giving  any 
fixed  rule  where  so  mucli  depends  upon  tlio  force  or  pressure  of  tlie  blast,  nnd 
the  qnaUty  of  tlie  u-on,  preferring  to  give  tlie  foUo^\'ing  example  from  liis  own 
practice,  as  a  guide  to  the  workmen.  *'  WJicn  u^iug  foundry-iron  of  tlie 
quality  No.  H, "  he  says, "  I  run  one  ton  into  the  converting  vussel,  in  which  it 
rises  to  tlio  hcigiit  of  about  a  foot  above  the  orilices  of  the  tuyere  pipes ;  and 
ihcn  furcc  into  the  Uuid  metal,  atniospheiic  air  in  its  natural  state,  under  a 
])rc8snre  of  about  10  lbs.  to  tiie  squoi-e  inch,  euiploying  from  six  to  twelve 
tnyere-pipes  for  its  distribntinn,  the  united  aiea  of  the  i>ix)e3  being  two  square 
mchcs.  The  quantity  of  blast  admitted  by  this  area  of  inlet,  will  in  goueral 
be  finind  sullicient  to  eJl'ect  tJic  conversion  of  the  crude  iron  into  a  intiUeulde 
condition  in  about  thirty  minutes.  AVhere  a  mixture  of  oxygen  gns  with 
itmosphcric  air  or  steam,  or  steam  alone ;  or  where  other  gaseous  lluids 
capable  of  evolving  oxygen  are  preferred  in  hen  of  atmo.s]iheric  air ;  thou  the 
size  of  the  tuyere-pipes  should  be  regulated  acct)r(Ung  to  the  quantity  of  oxygen 
present,  dimuiishing  the  area  of  tlie  pipes  where  the  oxygen  is  in  excess,  and 
mcreosiug  tlie  ai'ea  where  the  quantity  is  short  of  the  above  proportion." 

When  the  vessel  is  new  or  newly  lined,  it  may  be  heated  by  the  waste 
gases  of  tlio  blasL-fui*naces,  or  any  other  convenient  means,  previous  to 
the  crude  ii-on  being  poured  in.  TJie  patentee  sums  up  the  substance  of  his 
discovery  in  tlie  foUowuig  terms : — *'  It  is  v.ell  luiown  that  molten  crude  iron, 
under  ordinary  circumstances,  will  soon  become  soliiUlied  unless  a  poWL-rful 
fire  is  kept  up,  and  is  applied  direct  to  tlie  llnid  metal,  or  to  the  exterior  of 
the  vessel  containing  it.  It  is  also  well  luio^-n  that  if  the  quuutUy  of  caribou 
which  is  usually  associated  witli  crude  iron  is  diiiiiiushed,  that  the  tempera- 
iam  necessary  to  maintum  its  lluidity  also  rises  in  lilce  manner,  so  that 
when  iron  has  lost  the  whole  or  tiio  greater  part  of  its  combined  eiubon,  tlie 
metal  can  only  be  kept  ui  a  iluid  state  b}'  tlic  heat  of  powerful  furnuces ;  but 
I  have  discovered  that  if  atmosi>herie  air  or  oxygen  is  introduced  uilo  tlie 
metal  in  suiiicient  quantities,  it  will  x>roduec  a  vivid  c(.-iubustion  among  the 
particles  of  iluid  metal,  and  retain  an<l  incniasc  its  t^'inperaturo  to  siuh  a 
degree  that  tlio  metal  will  continue  Huid  during  its  transition  from  crude  ii'on 
to  the  slia^ie  of  cast  steel  or  malleable  iron  without  the  axiplication  of  fuel, 
the  high  temperature  being  obtained  by  tlie  oxygen  luiitiug  with  and  causuig 
a  combustion  of  the  carbon  in  the  crude  iron,  and  by  tlic  combustion  of  small 
portions  of  tlic  iron  itself." 
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Afl  a  raatter  of  coiiTcmviiee,  tlio  patcutee  suggesU,  while  reserving  Ms 
right  to  apply  Jtsodificationa  of  the  apparatufl  desoribeiK  thixt  tUe  conveilixig 
Tcssel  should  be  placed  near  U>  the  dischnrg'e-hole  of  Ujc  lilfl-st  or  remelting 
jfxima<!e,  from  which  Uic  cmde  iron  )3  to  be  di"Qwn;  tliat  tlit?  interior  of  th.y 
chamber  should  be  heated  by  burning  gasca,  or  hy  introducing  woodcharaial 
or  coke  al  the  passages  j>  (Fig.  b] ;  and  Ihot  a  blast  of  air  be  turned  on  throngh 
the  tuycrepipea,  by  which  their  cambustiou  may  be  kept  up  ond  Uie  veBSfl 
dried  before  turning  tlje  ci*ude  metal  into  it.  For  fbia  oi>eriitiOti  tlie  Tesael 
placed  in  the  posiLiou  sho^vn  by  Fig.  &,  having  a  moveable  gutter  leadh^ 
the  tap  hole  of  the  sraclting  furnace  into  tlie  upper  end  of  one  of  the 
p,  tJie  taiyeie-pipes  beiug  now  in  operation.  As  soon  as  Ihe  metal 
the  orifices  of  the  tuyere- bloelcs,  a  violcut  ebulhtion  ia  produced,  the 
dividing  into  globules,  and  diffusing  Jtsclf  among  tho  paiiic-lea  of  fluid 
and  thus  coimng  in  contact  at  uumerous  points  with  the  carbon  cousi 
in  the  crude  iron,  and  producing  tliereby  a  vivid  combufatiou,  while  the 
products  escape  by  the  passR^s/*. 

In  about  fifteen  minutes  fiom  the  lime  of  commencijig  the  proccfis, 
frothy  slflgH  are  tiirown  violently  out  of  the  passages  p,  aocoinpauied  by 
rush  of  bright  llmne;  after  a  few  minutes'  duration  this  eruption  ceases,  i 
copious  llauie  still  continues  to  escape  by  the  passages.  At  tliis  stage  uf  iho 
process  the  irude  metal  has  Uirovm  off  the  bulk  of  its  impurities,  aiid  ia»  in 
all  probability,  ia  Iho  state  of  cast  steel :  its  exact  htnW,  however,  con  be 
ascertained  by  tuminn-  the  hnndle-shnft ./',  so  as  to  bring  the  vessel  round  on 
its  axis,  as  in  Fig.  <3,  when  A  portion  of  the  melrtl  may  be  discharged  into  an 
ingot-mould,  where  it  is  quickly  cooled  and  exomined  ;  ifiiotflufficiently  decar^ 
bonized,  the  vessel  in  restored  to  ita  on'«inal  position ,  and  the  process  coutmu 
till  completed — from  live  to  ten  minutes'  blowing  being  geiicially  found 
cient  to  convert  tli^nietfil  from  tlie  condition  of  cast-steel  to  malleable 
"Wliou  itia  necessary  to  suspend  tlie  operation  of  blowing  for  afhorltiine, 
vessel  shoidd  be  brought  into  a  position  half-way  between  Fig3.  5  acd  6,  so 
thftl  the  orifice  of  tlie  tuyere-pipes  ninv  bo  above  the  surface  of  the  metal. 
othen^'ise  tlie  tuyeres  i\ill  be  stopped  up  i^-itli  the  tluid  metal.  The  whole 
process  of  eonversion  from  crude  pig-jron  No.  1  to  malleable  iron,  occupies 
from  tliirty  to  thirtj^-fivc  minutes,  varying  according  to  the  quality  of  the  pig ; 
but  the  exact  poiut  when  the  process  Bhould  ceaso,  will  soon  bo  acquired  by 
the  workmen,  since  the  colour  and  volume  of  the  flaine  issuing  from  the 
passages  vary  witli  the  condition  of  the  metal,  thus  forming  a  good  guide 
for  tho  workmen  ;  wliilc  tlie  faeility  with  which  trial-ingots  may  be  t«dceu 
affords  an  udnlliLde  test. 

The  heat>  lit  some  cases,  in  so  excessive  that  the  metal»  even  when  re- 
dticed  to  malloahle  iion,  is  BlilL  so  far  above  tlie  melting  point  that  its  tem- 
perature requires  to  be  reduced  before  casting.  For  tliis  purpose,  tlie  vesi 
ifl  brought  into  the  position  half-way  between  that  shown  in  Figif.a 
tuyeres  being  above  the  snriftce  of  tlie  metal,  the  supplj'  of  air  «to 
a  fire-brick  placed  over  the  orilicc  of  the  passage  ^,  so  (W  to  pi 
heat  from  escaping  mth  too  much  rapidity-     In  this  way  the  tei 
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gradually  subsides,  and  tlio  metal  is  brought  into  a  proi)er  state  for  cabling ; 
or,  if  that  is  preferred,  for  takiug  out  of  tUo  vessel  in  mosses  after  cooliug 
down  by  stirring. 

We  have  now  to  deal  with  a.part  of  Uic  refining  process  in  which  it  occurs 
to  na  that  Mr.  Bessemer  has  been  altogether  misunderstood,  both  by  those 
vho  have  criticised  his  inventions  most  severely,  aud  by  the  general  pubhc. 
The  notion  generally  entertained^  we  believe,  is  that  by  means  of  combustion 
ilone,  and  without  fuel,  that  gentleman  professes  to  i)roduce  malleable  iron. 
This  is  not  so.  He  only  professes  to  have  discovered,  tliat  the  rapid  union 
of  carbon  and  oxygen  which  takes  phice  at  the  tempei*ature  whicli  has  now 
been  attained,  still  further  increases  the  tcmpemture  of  the  metal,  while 
the  diminished  quantity  of  carbon  present  allows  a  part  of  tlie  oxygen  to 
eombine  with  the  iron,  which  undergoes  combustion,  aud  is  converted  into 
in  oxide. 

At  the  excessive  temperature  which  tlie  metal  has  now  acquired,  he  con- 
tiaues,  the  oxide  undergoes  fusion,  and  forms  a  powerful  solvent  of  tliose 
euthy  bases  that  are  associated  with  the  iron.  Tlie  violent  ebuUition  which 
k  going  on  mixes  most  intimately  tlio  scoria  and  met^il,  every  part  of  M'hich 
is  thus  brought  in  contact  with  tlie  iluid  oxide,  which  will  thus  wash  aud 
desnse  the  metal  most  thoroughly  from  the  silica  and  other  earthy  bases 
which  are  combined  with  tho  crude  iron,  while  the  sulphur  aud  other  volatile 
matters,  which  cling  so  tenaciously  to  iron  at  ordinary  temperatures,  are 
driven  off,  tho  sulphur  combining  witli  tho  oxygen  and  forming  sulphurous 
idd  gas :  producing  by  this  means  a  purer  iron  by  the  application  uf 
atmospheric  air  to  tho  iluid  metal  than  coiUd  be  produced  in  the  puddliug- 
fnmaco  by  a  large  consumption  of  that  cosUy  material.  Beyond  that,  the 
process  recommended  very  much  resembles  tlio  mechanical  apphances  by 
iihich  malleable  iron  is  produced  by  tlie  older  inetliods ;  namcl}',  by  sub- 
jecting the  ingots  at  a  welding  heat  to  a  forge-hammer  or  squeezer  of  a  pecu- 
liarly powerful  construction. 

During  tho  interval  occupied  in  cooUng  do^m  tlie  boiling  metal,  the  work- 
nmn  has  to  prepare  his  ingot-moulds.  A  convenient  mode  of  doing  this  is  to 
place  them  in  an  iron  truck,  mounted  on  wheels,  wliich  may  be  moved  under 
the  spout  of  the  vessel,  and  passed  ont  under  the  ai-ched  openings  left  in  tlie 
fomoce.  The  ingots  thus  prepared,  are  now  in  a  lit  state  for  being  hammered, 
tilted,  or  rolled  into  bars,  rods,  or  plates.  In  some  cases  tho  ingots  are  found 
to  contain  cells  and  cavities ;  in  this  case  tliey  ai-e  subjected,  at  a  welding 
heat,  to  tho  action  of  squeezers,  or  they  are  subjected,  in  a  suage  or  die,  to  ro* 
peated  blows  under  a  powerful  hammer,  so  that  the  i>arts  ai-o  forcibly  driven 
together,  and  the  cells  welded  before  being  subjected  to  tlio  i-olUiig-mill  or 
tilt-hanmicr. 

The  squeezers,  and  other  apparatus  recommended  by  Mr.  Bessemer,  differ 
eonaiderably  from  those  previously  described,  llie  squeezer  has  transverse 
groores,  both  on  the  upper  and  lower  jaws,  as  represented  in  Fig.  1  ;  A  A 
being  the  grooves  or  hollows,  B  an  ingot  placed  between  the  jaws.  In  this 
the  ingot,  or  mass  of  metal,  is  brought  to  sucli  a  temperature  in  a 
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suitable  furnace  as  will  BUfUcieutly  soften  it  to  admit  of  its  being  pressed  into 
a  sulid  lioiiiogciieous  body. 


'    The  Bftmc  oflect  may  bo  produced  by  hammering  tlic  ingot  on  a  roage 
(sr  clio,  as  illustrated  in  Fig.  U,  where  1*  represents  tJie  lower  portion  of  a 
Klemn-liammer,  having  a  grooved   block  Q  fitted 

into  it;  a  similar blork  N  is  secured  toahcaryiimss 
of  imtul  O.  wliichfoniis  llio  lied  of  the  hammer;  M 
bt'iii;;'  a  v.r<m*;ht-;r*'U  hocp.  lined  nith  stocl,  v.hich 
is  made  so  as  U)  slide  uj)  or  down  by  mciais  ».'f  the 
r.Mls  S.  Tlie  va.ilinan,  having  luatrd  the  ingot  <"i, 
hokU.  ;t  -wi'.li  a  jiair  i,'f  tungs  in  the  groove  of  the 
z-;^  ]  Averbloek.while 

'    r-T-YX..!/-  ^ 


I  ijr.  3. 


the  upper  <inc 
falls  upon  it  with 
fiueh  force  as  is 
iiooessary.  l>y 
the  use  of  thc.«e 


grooved  suifarcM.  or  siiagrs.  the  ir.g<it  of  }\u-i:i\  is  loss  liable  to  ho  onislud  ihnn 
v.licn  hnnimerod  between  two  ]jarall('l  i\c,i  surfaces,  wliieh  give  no  supiiurt  to 
its  sides.  In  this  operation  the  iv<rlanan  will  move  the  ingot  backwai'ds  and 
fe.rwards,  turn  it  over  on  its  Mile,  and  so  work  and  compress  the  metal  while 
at  a  welding  heat,  as  thoroughly  to  tolidify  the  iron  and  render  it  tit  for  tlie 
tilthnnnnev  or  rollingmill. 

Otht-r  modiiiealions  of  the  sloam-hammer  are  mentioned  by  Mr.  Bcsi?enu-r. 
all,  however,  haviiij;  one  ]iriiuiph: ;  viz.  tliat  the  ingot  is  placed  upon  a  block, 
cr  anvil.  su>'j.i>rt(d  on  both  ^ides  hy  strong  rests,  while  the  hammer  falls 
into  the  f;re/ove  ft)niied  by  those  suppoils.  lly  this  means  the  tendency  t>f 
the  ingots  to  crush  out  h-.terally  is  prevented,  wliilo  the  metal  is  left  at  liberty 
to  expand  itself  in  length,  thus  undoubtedly  encouraging  the  fibrous  condition 
insejiarable  from  malleable  iron.  This  elfeet  is  produced  by  many  mcditioa- 
tions  of  apparatus,  tlie  details  of  wliieh  arc  imimportant,  i^rovidcd  the  dies  or 
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Boagefl  are  so  eonstructed,  aud  the  ingot  of  sx)ougy  or  cellular  metal  so  con- 
fiucd,  tlint  when  Ulo  hammer  is  brought  forcibly  iu  contact  with  it  the  ten- 
dency ia  to  have  its  various  parts  forcibly  squeezed,  pressed,  or  driven 
together,  the  pores  closed,  and  the  surfaces  united  or  welded  together. 

Iu  the  x>robationary  state  of  these  patented  processes  it  is  impossible  to 
draw  any  decided  conclusions  as  to  tlieir  probable  results.  There  is  that  m 
Mr.  Bcssemer's  process  wliich  has  strongly  iiux)ressed  tlic  public  mijid,  and 
which  only  the  conviction  of  comx>lete  success  or  fiiiluro  will  satisfy.  AVhilo 
tlie  popular  view  has  thus,  sometimes  witli  little  knowledge  of  the  subject,  mag- 
nified tlie  discovery  far  boyoud  its  merits,  there  have  not  been  wanting  others 
who  would  divest  it  of  auy  merit  whatever,  and  trout  it  as  alt<jgother  un- 
wortliy  of  serious  consideration.  As  iu  most  other  ease8,  trutli  seems  to  lie 
between  these  extremes. 

AVc  have  already  seen  tliat  the  principal  inipurhios  iu  cast  iron  consist  of 
carbon,  sulphur,  phosx>hoi*us,  silio4)n,  and  some  otlier  substances  of  less  im- 
portance. These  substiuces,  Mr.  llessemer  a.sserts,  combine  witli  oxygen 
at  a  high  temperature,  forming  volatile  compounds,  which  aro  inciipablc  of 
again  cnteiing  into  combination  willi  tlie  metal.  Tlie  priiK-iple  of  Mr.  Bcs- 
semer's x>i'^<^c.ss  is  to  take  advantage  of  tliis  tondeuey  uf  tlLc  substances 
toimitc  with  oxygen.  My  forcing  atmospheric  aiihitti  the  iluid  metal,  intense 
combustion  is  produced ;  the  volatile  gases  unite  with  tlie  oxygen,  a:id  dis- 
appear through  tlie  clionnela  prepared  for  their  exit.  This,  say  some  of 
the  objectors,  is  unsound  in  theory — tliat  piiietically  ucilher  sulphur  nor 
]jbosphorns,  the  two  substiuces  most  injurious  to  ii'on,  are  separated  by  tlie 
process. 

In  suppoii  of  lliesc  views,  a  writer  iii  tlic  "  ]Jiniiiugliam  Joiuiial,"  to 
whom  we  are  indebted  for  some  excellent  remarks  on  this  process,  sonic  of 
which  have  been  imported  into  these  pages,  thus  reiterates  liis  objections. 
Recurring  to  objections  furuieily  ui-ged  agoiubt  the  process  in  tlie  pages  of 
the  same  journal,  the  writer  says : — 

"  EspeeiiJly  important,  too,  is  it,  that  accurate  chemical  analysis  should 
bo  resorted  to,  to  show  tlie  composition  of  this  iron,  aud  to  prove  that  the 
new  process  will  tndy  jmrge  it  of  sulphur  and  i»liosphurus,  os  we  undoisland 
Mr.  Bessemer  to  say  it  ^\-ill — elements,  tlio  presence  of  one  per  cent,  of  wliich 
is  fatal  to  the  quality  of  the  iron. 

"  So  far  as  wo  are  aware,  this  important  infoiiiiatiini  has  not  been  com- 
muuicatcd  to  ilic  X)ublic ;  and  so  htng  u  time  lias  now  elapsed  that  we  despair 
of  recei\'in/  it  from  tlie  quarter  it  was  most  naturall}-  expei-ttHl  from.  In  tho 
liope  of  contributhig  to  tiic  scttleniiait  of  a  question  which  has  alrtadj-  too 
lung  disturbed  the  pubhc  mind,  we  have  imposed  upon  oui'selves  a  task  wliich 
we  think  should  have  been  spared  us.  and  ]ireseiit  to  our  reudei'S  such  an 
analysis  of  Mr.  liessemer's  ii'on  as  we  have  been  daily  hoping  t*>  see  pub- 
lished by  that  gentleman  liimsclf.  The  spechueu  we  have  expi^rhiientod  u])on 
possesses  those  physical  j^roperties  wliidi,  from  rcx)cated  descriptions,  tho 
public  are  Buihcicntly  familiiu:  with.  l*he  iron  consists  of  an  agglutinated 
of  large  brilUout  crystalline  grains,  possessed  of  a  very  imi>crfcct  luallo- 
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ability ;  flattening  under  the  blow  of  a  hammer ;  but  ahnost  invanably  oraok- 
ing  at  the  edges.  It  ia  wholly  destitute  of  a  fibrous  stracture,  and  only  after 
having  been  repeatedly  heated  and  drawn  out  in  a  smith's  forge,  exhiUts  the 
properties  of  an  inferior  wrought  iron.  On  analysis  it  was  found  to  hare  the 
foUowiug  composition : — 

Iron       980 

Phosphorus 1  '08 

Sulphur 010 

Carbon 0*05 

Sihcon traces 


10012 


"  This  composition  is  so  accordant  with  tho  physical  properties  of  iron, 
that,  the  composition  being  given,  the  chemist  would  have  no  difficulty  in  pre- 
dicating its  more  marked  characteristics.  Its  crystalline  structure  and  fusi- 
bility are  very  satisfactorily  accounted  for.  In  order  more  exactly  to  illustrate 
the  nature  of  tho  change  eflbcted  by  Mr.  Bessemer's  treatment,  we  append  an 
analy.sis  of  reiincd  iron  produced  at  a  large  establishment  in  the  neighbour- 
hood of  Birmingham.  AVc  are  indebted  to  the  courtesy  of  Dr.  Percy  for  this 
analysis.  In  was  mode  in  his  labonitory  by  one  of  his  assistants,  Mr.  Dick ; 
tho  iron  was  obtained  only  a  ft;w  mouths  ago,  and  may  bo  regai'ded  as  repre- 
senting the  average  composition  of  refined  iion  as  made  at  the  present 
moment  in  this  ncighbourliood : — 

Iiou 05- U 

Carbon  (combined) 307 

Phosplioiiis O'73-l 

Silicon 0«3 

Sulphmr 01.^7 

Manganese trace 

Residue,  insoluble  in  bj-di'ochloric  acid  .     .  0*;">:J 


100-:>(n 
Tlio  residue,  insoluble  in  hydi'ochloric  acid,  j-ieldod — 

SiUca 0;J 

Alumina,  with  a  Utile  peroxide  of  iron  .     .     Oil 

0-4i 

"  In  contrasting  the  change  eficcted  by  Mr.  Bessemer's  treatment  with 
that  of  the  refinery,  tlie  following  particulars  force  tlxomselvcs  strongly  upon 
our  nuticc.  Mi*.  Bessemer's  method  removes  most  effectually  the  carbon  and 
silicon,  while  in  the  refinery  these  are  but  htllo  diminished.  The  carbon  is 
cUininated  \nth.  a  perfection  which  wo  shoiUd  scarcely  have  thought  possible, 
but  we  are  without  information  as  to  tlic  sacrifice  at  which  tliis  has  been 
effected ;  tho  amoimt  of  iron  oxidized  by  the  vi\'id  combustion  which  Mr. 


UF.FLECTIOXS    ON    BESSKMLUS    I'nO'KsS, 


licssemcT  induces,  we  are  uiiablo  to  ascertaiu.  The  i>oiiit  w}iicli  must  pionii- 
neiitly  stiikes  the  chemist  in  Mr.  Besscmcr's  iron,  in  tho  hu-gc  nuioiuit  of 
phosphorus  which  it  contoina — an  amount  utterly  fatal,  wo  fear,  to  the  value 
of  Mr.  Beasemer's  method.  His  treatment,  we  suspect,  docs  not  sensibly 
diminish  the  aiAount  of  this  element ;  but  this,  too,  is  a  point  on  which  we 
must  be  dependent  on  Mr.  Bessemer.  AVo  have  had  no  oppoi*tunlty  of 
examining  the  slag  produced  in  tho  ti-catmcut ;  but  we  loam  irom  an  eminent 
chemical  autliority,  that  at  least  one  sample  of  it  contains  no  sensible  aiuoimt 
of  phosphoric  acid.  We  have  previously  explained  tliat  it  is  by  the  puddling 
process  tJiat  the  phosphorus  and  sulphur  arc  mainly  removed;  tho  chemical 
exftmiuatiou  of  the  tap  cinder  of  the  puddling  fiu*imco  disclosing  on  abun- 
dance of  x>hosphoric  acid.  'As  3'ct,  so  far  as  we  can  learn,  Mr.  Bessemer  has 
done  nothing  towards  tlie  removal  of  this  pciiiiciuus  element,  phosx)honis ; 
and  in  this  imjiortant  respect  his  process  must  be  regarded  as  a  failure." 

We  hare  elsewhere  incidentally  alluded  to  the  strange  oversight  com- 
mitted by  the  objectors  to  Mr.  Besscmer's  i)rocess — all  allusion  to  his  ham- 
mering and  8<|ucczing  processes  ai'e  invai-lably  suppressed ;  consequently 
certain  magical  results  arc  expected,  to  which,  as  it  appears  to  us,  he  docs 
not  lay  claim.  Ou  the  contrary',  liis  specification  distinctly  claims  the  peculiar 
squeezing  and  hammering  process  already  described;  lateral  compression 
tnd  elongated  fibrous  cxjiansiou  being  tlie  results  sought  for.  It  is  true,  he 
only  mentions  this  portion  of  his  improvements  incidentally,  when  he  claims 
for  the  new  process  facilities  for  forming  large  masses  of  iron  capable  of  pro- 
ducing bars  that  could  not  have  been  obtained  by  tlie  old  process  by  means  of 
powerful  machinery  not  yet  matured,  wliereby  gi'cat  labour  will  be  saved  and 
the  operation  greaUy  expedited.  It  is  obvious,  tliereforc,  tliat  great  imi>orlance 
is  attached  by  tlio  patentee  to  tlio  subsequent  operations.  Ncvei-thcless,  witli 
all  our  desiro  to  see  Mr.  Bcssemer's  process  crowned  with  success,  wo  can- 
not avoid  seeing  tliat  it  has  yet  much  to  overcome.  Early  in  October,  Mr. 
Bessemer  sent  ingots  of  his  pneumatically  refined  iron  to  tho  Dowlais  iron- 
works, where  it  was  operated  upon,  the  result  bemg  a  fair-faced  iron,  equal, 
apparently,  on  tho  outer  surface,  to  any  ever  rolled.  It  stood  tho  lever  or 
dead  test  well;  but  tho  sharp  blow  of  the  ram,  and  ihc  shaq)  squeeze  of  tho 
eccentric  straighteuer,  it  could  not  bear,  for  which  its  steel}^  or  er^-stalUno 
Btructurc  probably  accounts.  Practical  men  obsciTcd,  that  along  the  surface 
of  the  roilastratum  of  fibrous  iron — evidently  the  result  of  elongation  through 
the  rolls — ^presented  itself;  and  tlus  Avas  considered  great  encouragement  for 
Mr.  Bessemer  to  prosecute  liis  idea  to  perfection. 

In  reference  to  tliis  railway  bar,  Mr.  Bessemer  states,  that  it  was  rolled 
direct  from  a  ten-inch  square  ingot,  having  passed  tlirough  tho  rolls  four* 
teen  times.  The  metal  was  not  previously  x>iled  or  iu  an}"  way  wrought ; 
bat,  notitithstanding  tho  extremely  difiicult  section,  not  the  smallest  portion 
of  the  flange  was  torn  np.  To  render  tlie  fabiication  of  the  same  form  of  rail 
pncticablo  on  the  old  plan,  twice-rolled  iron  is  used  to  foim  the  flange,  and 
ten  ahiUings  per  ton  extra  is  being  paid  for  it  in  consequence. 

The  process  is  stated  to  havo  been  successfully  appUod  to  tho  monufocturo 
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of  iron  for  tiu-plating.  Tho  best  puddle-iron  has  heretofore  foiled  to  pro- 
duce the  requisite  toughness,  and  charcoal-smelted  iron  has  in  conscqaence 
been  used  for  this  purpose  at  the  extra  cost  of  several  pounds  per  ton ;  but 
wc  have  cxiuuiued  sheets  rolled  from  ingots  prepared  by  the  new  process, 
remarkable  for  tlieir  tliiuness,  and  affording  proofs  of  the  'great  ductility 
and  touglmess  of  its  product. 

We  hare  also  inspected,  as  instances  of  the  extreme  tenacity  capable  of 
being  produced  by  tliis  process,  rolled  out  metal  of  such  extreme  tliinncss 
and  pliability  as  to  bear,  when  annealed,  a  close  resemblance  in  fabric  to 
paper,  Mith  much  greater  touglmess  and  tenacity. 

"Wo  shall  conclude  those  remarks  by  quoting  the  concluding  iwrtion  of 
Mr.  Bessemer 's  address  to  tlie  Britisli  Association : — *'  One  of  the  most-im- 
portant facts,"  ho  says,  *' connected  with  the  new  system  of  manufactimcg 
laalleablo  iron  is,  tliat  all  the  iron  so  produced  will  be  of  Uiat  quality  knoim  as 
charcoal  iron ;  not  that  any  charcoal  is  used  in  its  manufacture,  but  because 
tho  whole  of  the  processes  following  the  smelting  of  it  are  conducted  entirely 
without  contact  with,  or  tho  use  of,  mineral  fuel.  Tlie  iron  resulting  there- 
from will,  iji  consequence,  be  perfectly  free  from  those  injurious  i)roi>erties 
A'.'Uioh  tliat  description  of  fuel  never  ffdls  to  impart  to  iron  that  is  brought 
under  its  jniluence.  At  the  same  time,  tliis  system  of  manufacturing  maUe- 
iible  iron  oHors  extraordinary  futility  for  making  large  shafts,  cnmks,  aud 
other  heavy  masses;  it  will  le  obvious  that  any  weight  of  metal  that  cnu  be 
loundcd  in  ordinary'  cast-iron  by  tlio  moans  at  present  at  our  disposal  nia\ 
also  bo  fuiuulod  in  molten  niulUable-iron,  and  be  wrought  mto  the  forms 
and  shapes  required,  provided  that  wo  increase  the  size  and  power  of  oiu 
machinuiy  to  the  extent  ncccssaiy  to  deal  witli  such  large  masses  of  mttal 
A  few  minutes'  rollocticju  \nU  show  tlic  great  miomaly  presented  by  th< 
scale  on  wliieli  the  consecutive  jnocesses  of  iron-making  are  at  presen: 
carried  on.  The  Uttle  furnaces  onginally  used  for  smelting  ore,  have  fron 
time  to  time  increased  in  size,  until  tlioy  have  assmncd  colossal  i>roiM)i-tions 
and  ai*c  made  to  operate  on  '2iH)  or  'Mh)  tons  of  materials  at  a  time,  gi\*ing  ou 
ten  t(.)ns  of  fluid  metal  at  a  sinj^le  run.  The  maimfactmer  has  thus  gone  oi 
mcreasiiig  the  size  of  his  smelting  funmces,  and  adajithig  to  theii'  u.se  tin 
blast  api»aratus  of  the  rcqiiisite  i>roi>ortii>ns,  and  has,  by  this  means,  lessene* 
the  cost  of  production  in  ever\'  way ;  his  large  fiu'uaces  requu'o  a  gi'eat  dca 
loss  labour  to  jiroduce  ii  given  weight  of  iron,  than  would  have  been  require* 
to  i)rodueo  it  with  a  dozen  fm-naces ;  and  in  Uke  manner  he  diioinishes  hi; 
cost  of  fuel,  blast,  and  repaii-s.  while  he  insures  a  miilbrmitr  in  the  resul 
that  never  oould  have  been  amvod  at  by  the  use  of  a  mnltii^licity  of  smal 
furnaces.  AVliile  the  manufacturer  has  shown  himself  fully  aUvo  to  thes- 
advantages,  he  has  still  been  under  the  necessity  of  leaving  the  succeedinj 
operations  to  be  carried  out  on  a  scale  wholly  at  variance  witli  the  principle; 
he  has  found  so  advantageous  in  the  smeltijig  department.  It  is  true  tlia 
liithei'to  no  better  method  was  ltno\m  Uian  tlio  puddling  process,  ui  whicl 
from  100  to  o(»0  weight  of  iron  is  all  that  can  be  operated  upon  at  a  time,  mu 
even  this  small  quantity  is  divided  into  homoeopathic  doses  of  some  70  lbs.  o 
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,  each  of  which  is  moulded  and  laahioned  by  human  labour,  carefully 
Bd  and  tended  in  the  furuace,  and  removed  therefrom  one  at  a  time,  to 
refolly  manipulated  and  squeezed  into  form.  When  we  consider  the 
stent  of  the  manufacture,  and  the  gigantic  scale  on  which  the  early 
;  of  the  progress  are  conducted,  it  is  astonishing  that  no  efTort  should 
>een  made  to  raise  the  after  processes  somewhat  nearer  to  a  level  com- 
trate  with  the  preceding  oues^  and  thus  rescue  the  trade  firom  tho 
lela  which  have  bo  long  surrounded  it." 
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CHAPTER  XV. 

METALS  WHICH  ALLOT  WITH  IROK. 

Xxon  and  Kanga&ese. — Iron  unites  readily  with  manganese :  where  the 
prox)ortion  of  the  hitter  metal  is  considerable,  it  makes  iron  harder,  whiter, 
and  more  hrittle.  Hence,  according  to  Berzelius,  iron  in  alloy  with  this 
metal  is  the  best  for  making  steel.  The  presence  of  a  little  iron  in  manganese 
gives  it  magnetic  proi>erties,  and  renders  it  less  oxidizable  when  exposed  to 
the  air.  On  tlie  otlier  hand,  according  to  M.  Rinmann,  manganese  diminishes 
the  magnetic  power  of  iron,  and  in  the  end  destroys  it.  Dr.  Thompson  says 
tliat  a  due  proportion  of  manganese  diminishes  the  fusibility  of  iron,  and 
increases  its  ductility.  M.  Karsten  affirms  that  manganese  is  more  frequently 
met  combined  witli  iron  than  any  other  metal;  in  small  proportions,  it 
hardens  iron  without  diminishing  its  tenacity.  He  has  found  in  bar-iron  of 
good  quality,  1*85  per  cent,  of  manganese.  It  is  not  ascertained  at  what 
point  it  begins  to  destroy  the  tenacity  of  iron ;  and  it  is  not  ea.sy  to  make 
expermients  in  the  iuvestigatiou,  on  account  of  the  high  temperature  required 
to  fuse  the  two  metals.  JI.  IJerthier  says  that  pig  iron  made  from  ferro- 
mangancse  ores,  contains  up  to  007  of  manganese;  that  it  is  extremely 
brittle,  lamellar  (in  Inrge  flakes),  white,  and  very  shining.  Mr.  Mushet  has 
experimented  to  combine  mrtugane.se  with  iron  in  augmentiiig  proportions, 
and  conchides  that  the  maximum  of  manganese  in  a  hundred  paiis  of  pig-iron 
is  forty.  This  compomid,  contninmg  71  "4  of  iron  and  d8fi  of  manganese,  is 
unaflocted  by  the  magnet.  As  to  the  biittleness  of  the  alloy,  it  depends  on 
its  carbon,  and  the  manner  in  which  the  carbon  has  combined  T\'itli  the  iron. 

Iron  may  coutam  large  proportions  of  manganese,  as  much,  indeed,  as 
steel ;  and  steel  need  not  necessarily  contain  manganese.  AccortUug  to 
M.  Karsten,  it  is  the  carbon  in  the  two  wliich  makes  the  difference  between 
them,  l^xpcriiuents  have  Kho\ni  tliat  fcrro-miuiganeso  ores  are  the  most 
likely  to  produce  steel,  a  circumstance  which  has  won  thom  their  French 
name  of  m'nirs  iY<tcicr.  It  is  nut,  however,  tlic  immediate  effect  of  the  mau- 
ganose  itself,  but  of  the  manner  in  which  the  carbon  combines  with  this 
metal,  and  which  is  determined  by  the  j)roportion  of  manganese  present. 
It  follows,  M.  Karsten  remarks,  that  the  wliite  ii'on,  which  contains  no  man- 
ganese, ought  to  become  steel  as  readily  as  that  obtained  from  ferro-man- 
gancse  ores,  siiice  the  latter  oiler  us  the  iron  combined  witli  carbon  in  the 
same  manner.  Tact  proves  to  be  in  accordance  witli  this  tlieorj- ;  but  tl lis 
land  of  pig-iron  is  generally  more  impregnated  witli  foreign  bodies  than  the 
iron  obtained  from  ores  containing  nuiui^'anese. 

M.  Berthior  foimd  traces  of  nmnganesc  in  the  white  lamellar  iron  of 
llusen,  in  TJienish  Piiissia.     This  iron  contained,  according  to  his  analysis. 
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Manganese 0*040  to  0032 

Carbon 0040 

Silicinm 0003 

0-089 
Aceoiding  to  M.  Bertbier,  tho  alloy  composed  of 

Iron 0-745 

Manganese 0*255 

]f  whiter  ilian  iron,  shining,  veiy  hrittlc,  and  with  a  fine  grain.  Tlio  alloys 
of  the  two  metals  are  all  tho  more  difficult  to  fuse*  as  they  happen  to  contain 
more  manganese ;  they  are  more  oxidizablo  tlian  iron ;  tlicy  give  out  a  smell 
of  hydrogen  when  breathed  upon,  and  readily  free  tlicmsclvcs  from  a  crust 
of  black  oxide  when  exposed  to  a  moist  atmosphere.  AVarmcd  undor  the 
breath  and  in  contact  with  siliceous  scoria,  tlio  manganese  oxidizes  more 
leadily  than  iron,  and  dissolves  in  the  slag ;  and  ultimately  all  that  remains 
will  be  pure  iron.  It  is  in  this  way  tliat  tho  reliniug  of  manganese  irons  is 
ftfiected. 

We  give  the  results  of  some  other  analyses  made  by  ^I.  Berthicr,  wluch 
denote  tho  presence  of  manganese  in  certain  crude  irons,  namely : — 

Inm  of  Lohe,  near  Musen,  obtained  from  the  spathic^p    ,  n-oi^ 

iron  of  Stahlbeiff;  white,  witli  large  flakes,  easily   ^-i-  •        '  '  /^  fim- 

,      .    jM      »      L     1    i    1  ■          1   r        •*     1  *  1  ^Sihcium  .  .  0*005 

pulverized.    A  natural  steel  is  made  from  it,  whiciL   ,,  /^  »■:» 

■^  .                    V  1.          *  A-                                             IMangancso  .  0*052 
enjoys  a  very  high  reputation.                                     ^         '^ 

.         Carbon.  Silicium.  Manganese. 

0*044  001-)  0074 

0051  0006  0045 

002U  —  0018 


Iron  of  Ham  (Comtu  de  La- 
marck), which  produces  an 
excellent  natural  steel. 


0*124  0010  0-137 


Iron  of  Bioa  Ferou,  near  Vizille    (department  de-. 

risere),  produced  by  fusing  spatliic  iron  with  an- 1  Silicium     .  .  0.002 

thracite ;  white,  and  very  lamellar.   Carbon  was  not  I  Manganese  .  0040 

experimented  for.    It  is  said  tliat  tliis  is  tlie  only  ;"  

known  instance  in  which  a  white  iron  has  been  i  0042 
produced  out  of  a  combustible  mineral.                    / 

According  to  M.  Karstcn,  the  best  mode  of  obtuiuliig  the  manganese  held 
in  combination  witii  iron,  ia  as  follows; — Dissolve  the  iron  at  100*  in  aqua 
TCgia,  and  then  decompose  (at  a  very  low  temporuture)  tlie  solution,  tnking 
Ctw  to  have  it  very  strongly  acidulated  by  addnig  successively  small  doses 
of  carbonate  of  ammonia  dissolved  in  water.  If  tlie  iron  has  been  oxidized  to 
its  maximum  point,  and  tlie  liquor  hns  been  largely  mixed  vdth  water,  and 
powerfully  acidulated,  it  will  contain  all  the  manganese. 

M.  Quesneville  has  proposed  to  separate  the  two  metals  by  procipitntiJig 
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their  BoluUon  with  iiisoamte  ofpolJisli,  niter  it  has  been  nitwle  as  neutnd  a^ 
possible,  antl  tlic  iron  hfts  bt'cn  snbmitteil  ta  tho  maxiDium  <it  oiidation. 
Tlie  iron  eepiirates  in  Uie  condiUou  of  an  arsetiiate,  and  tlic  majiganeae  re- 
moinB  ill  BoliitLon. 

Izon  and  Bletcuty.'^Iron  unites  with  mcrctiry  only  Tinder  vetj  rare 
circimiptiuiojs  ;  and  M.  Dorthior  even  affiiius  that  the  two  cannot  conibiae. 
There  is  no  direct  action  ■btlw^^en  tlie  two  raDtols,  and  this  is  the  reason  ^rhy 
merciuy  is  kept  in  iton  ves-sels.  Tlw?  addition  of  another  metal  favours  the 
formation  of  an  amalgam  of  iron.  Mr.  Aitkin  has  ^acceeded  in  obtaining  it 
by  the  following  prcieess:^He  pounda  together  iron  filings  and  an  amajgani 
of  zinc,  addinj^  a  Bulufion  of  iron  in  liydrochloric  acid.  By  tlicii  knendin 
the  inixtare  and  warming  it,  the  iron  and  mercury  combine  by  degreeF,  aii' 
assume  a  metallic  brightness,  BerzeUna  waa  nccustomed  to  produce  this  amid 
gam  by  pounding  a  mixture  of  iron-filings,  almn,  and  mercury,  at  first  diy 
and  tJien  mixod  with  ahttle  watorn 

M.  C.  Ktaner,  of  Malliausen,  has  prcparod  the  amalgam  of  iron  by  miUdn^ 
highly  concentrated  solution  of  sulphate  of  iron,  auJ  sholdjig  in  it  the  tan 
of  sodium  freshly  prepared.    In  a  few  instants  he  hasi  obtained  an  amalgam 
which  deposits  itst^lf  at  tlie  bottom  of  tho  vessel  in  a  sliiuing  mass,  aUvery 
■white ;  and  tlie  snlnliuit.  on  becoming  clear,  contained  flaJces  of  the  hydrate 
of  iron.     According  to  M,  Klaner,  the  amalgam  of  iron  is  white,  with  great 
tenacity,  bnt  may  easily  he  broken  into  fragments.    It  is  magnetic.    In 
air  it  decomposes,  and  the  surface  becomes  covered  itnth  nist     The  o' 
metals,  according  to  the  same  au-thority,  givo  amalgams  in  th^  Eaue  way 
following  the  Bnme  method. 

Ixon  and  jaolTbdene, — According  to  Messrs.  Hielm,  Bcrzelius,  e 
Tliompsou,  iron  combines  eaall}'  witli  molybdene.  Dr.  Thompson  t*lla 
lliat,  of  all  nietala,  molybdene  ia  tlie  one  T\-ith  wliich  iron  unitoa  most  readily. 
Supposing  equal  parts  of  the  two  metals,  the  alloy  is  fusible  witli  the  htov- 
pipo,  brittle,  of  a  bluish  gray,  and  of  coaBiderablo  hardness;  the  firaeture  is 
lameUar,  fine,  and  granulous.  This  alloy  melts  with  the  blowpipe,  sn-elliaig 
out  in  bubbles,  but  without  ^ving  out  any  aparks.  One  part^of  iron  witli 
tU'O  parts  of  molybdene,  form  n  combination  of  a  clear  graycoloar,  not  fasible 
with  Uie  blowpipe-  obeying  the  magnet,  very  brittle,  and  of  a  fine,  grontilous 
textnre- 

According  to  M.  Berthier,  the  alloya  of  these  metals — tho  moitfMurt$  of 
iron — are  in  every  respect  tlie  analogues  of  iutirj^iures  of  iron.    An  alloy  coa-. 
taining   O'^O   of  moljhdene   ia   fuaiblo,  ivhiter  tlian  iron,  extremely  h 
brittle,  but  of  gicut  tenacity;  tlio  fracture  being  equal  and  graimJous, 

Iron  uid  Hlck«l. — Nickel,  accordiug  to  M.  Bergmann,  readily  unites 
with  iion  in  nil  proportions;  producing  a  soft  and  tenacious  alloy.   "Die 
properties  of  nickel  give  great  weight  to  this  opinion.  The  rarity  of  mckcd^  hi 
ever,  in  apure  state  did  not  permit  M.  Kai*sten  to  use  it  in  the  many  experime 
in  iron-refining  for  which  scionce  is  so  much  indebted  to  Imn.    The  istateme 
of  M.  irasaeuhiitz  that  iron  treated  with  htpfern'tvJiei  is  not  solderable,  nor 
be  forged  flitbout  great  difficulty,  and  lliat  when  cold  it  bccomca  brittle. 
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•  be  nmdi  relied  <»!»  for  he  does  not  Beem  to  have  uaedpure  nickel  in  his 
tments,  and  the  kupfarHiekel  probably  contained  arsenic  and  sulphur, 
ding  to  Lampadius,  an  alloy  of  five  parts  of  nickel  and  two  parts  of 
s  moderately  hard,  easily  malleable,  and  has  the  colour  of  steel.  The 
of  these  metals  occurs  native  in  aeroUtes,  where  tlie  iron  contains  from 
to  ton  per  cent  of  nickel.  The  meteoric  iron  of  Bafiiu's  Bay  contains 
per  cent,  and  that  of  Siberia,  whoso  discovery  we  owe  to  Pallas, 
tea  per  cent  of  nickel — a  result  for  which  we  are  indebted  to  tlie 
il  analysis  of  Mr.  Children.  The  average,  however,  of  the  tliree  analyses 
by  that  gentleman  gives  SUO  per  cent,  of  nickel.  But,  according  to  the 
iments  of  M.  Karsten,  the  sulphur  found  by  M.  Laugier  in  Siberian 
is  in  the  state  of  common  pjnites ;  and  he  infers  that  this  meteoric  iron 
be  a  mixture,  and  not  a  chemical  combination. 

-will  perhaps  be  interesting  to  record  tlio  quantities  of  nickel  contained 
fer^it  masses  of  meteoric  iron,  found  at  different  points  of  the  globe. 
long  time  there  was  much  doubt  as  to  the  origin  of  these  masses  of 
>  iron;  but  the  remarkable  fall  which  took  place  at  Agram  on  the  2Cth 
ly,  1751,  established  the  existence  of  these  phenomena  beyond  further 
ion.  The  analysis  of  the  aerolites  revealed  tlie  presence  of  nickel, 
I  has  ever  since  been  regarded  as  one  of  their  distinctive  characteristics. 
tie  progress  of  chemistry,  and  a  more  minute  analysis,  have  led  to  the 
reiy  of  their  containing  otlier  metals  besides  nickel ;  and  the  investi- 
iB  of  M.  Yauquelin  have  even  gone  a  step  further,  and  shown  that  some 
vie  stones  which  indisputably  fell  at  Chossigny,  near  Langres,  did  not 
in  any  trace  of  nickel. 

.  Proust  was  the  first  to  establish  the  existence  of  nickel  in  the  native 
if  Tacumana  in  America.  A  few  years  later,  M.  Klaproth  showed  that 
I  was  present  in  all  the  native  iron  that  he  had  then  examined,  and 
I  appeared  to  him  evidently  of  meteoric  origin.  He  found  in  native 
com — 

Siberia     .    06*75  of  iron  and  3'25  of  nickel. 

America   .    07*00         „  35  „ 

Hungary  .    06*5  „  8*5  „ 

Bohemia  .    98'5  „  1*5  „ 

little  later,  Messrs.  Boussingault  and  Mariano  do  Bivero  examined  dif- 
;  masses  of  meteoric  iron  which  had  been  found  on  the  Eastern  Gordil- 
A  mass,  measxuing  1 02  cubic  decimetres,  or  about  S^  cubic  feet,  was 
.in  ItilO  upon  tlie  hill  of  Tocavita ;  its  weight  could  not  have  been  far 
of  eighteen  hundredweight.  The  iron  of  which  this  mass  consisted  was 
AT,  malleable,  and  of  a  granular  structure ;  it  could  be  easily  filed ;  it 
.  aQver-white  lustre,  with  a  specific  gravity  of  7-3.  At  the  time  that  this 
was  discovered,  a  great  many  smaller  fragments  were  found  on  other 
I  of  the  same  hill.  Messrs.  Boussingault  and  de  Kivero  collected  two 
nn ;  one,  weighing  081  grammes,  or  about  22  oz.,  consisted  of  a  malleable 
3iat  resisted  filing.    It  had  a  white,  silvery  lustre,  with  as  fine  a  grain  as 
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steel ;  it  forged  tolerably  well,  Init  was  brittle  when  heated ;  its  Bpecifio  ffxnJCj 
was  70.  Another  fragment,  weighing  501  granunea,  or  abontlSoz.,  consisted  cf 
iron,  cellular  in  structure.  diiEcnlt  to  be  filed,  but  malleable ;  of  a  ailverj  Inatn, 
Tvitli  a  texture  similar  to  tliat  of  drawn  cast-steeL  Some  other  stones  were 
found  near  a  >iUage  called  Kusgata. '  A  mass  weighing  abont  one  hundred- 
weight, which  these  gentlemen  examined,  presented  no  cavitiea — its  texton 
was  crystalline ;  although  resisting  the  file,  it  was  malleable,  and  had  a 
silvciy  lustre,  witli  a  specific  gravity  of  7*0.  Another  mass,  weighing  abont 
fifty-nine  pounds,  found  in  tlie  same  place,  was  almost  spherical  in  form, 
sliowed  a  great  nimaber  of  cavities,  was  ver}'  malleable,  and  the  fractures  had 
a  silvery  lustre. 

^fessrs.  Boussingault  and  de  lUvero,  having  made  the  analyeos  of  these 
masses  and  fragments,  have  given  tlic  following  as  the  results  : — 

Mass  of  18  cvs-t.       .    .    .  01'41  of  iron     e-5Q  of  nickel. 

Fragment  of  :2^  ounces     .  01  !23      „  8*21        „  plus  residue  of  0*28 

rraginentofl8      „     .     .  9l-7tt      „  0*30  of  nickel. 

JIass  of  101)  lbs.      .     ,     .  90-70       „  7*87        „ 

Mass  of  dU  lbs 7  to  8  per  cent  of  uickcL 

The  following  is  the  procedure  employed  by  tlicsc  gentlemen  : — The  frag- 
ment for  analysis  was  immersed  in  nitric  aeid,  and  dissolved  rapidly,  leading 
but  a  very  trilling  residue.  To  oxidize  the  iron  to  tlie  proper  point,  the  sulu- 
tion  was  then  evaporated  almost  to  cbyness ;  water  was  then  added,  and 
tlie  whole  precipitated  by  ammonia.  Tlie  oxide  was  sepai-ated  by  filtration, 
and  then  washed  %rilh  hot  water.  Tlie  nmmoniacal  liquid  presented  a  dis- 
tinct azure-green  oidour.  I'errocyanide  of  potassium  produced  a  white  pre- 
cipitate of  a  slightly  green  east ;  a  circumstance  which  proved  that  the  coloiu: 
arose  from  tlie  presence  of  nickel,  and  not  from  that  of  copper.  To  this 
animoniacal  solution,  reduced  by  cvaponxtion  to  half  its  quantity,  caustic 
potash  was  added ;  and  t<t  make  sure  of  the  entire  dec(mipositiou  of  the  double 
salt  of  ftjumoiiia  and  nickel,  the  Avhole  of  the  liquid  was  evaporated,  water  I 
was  added  to  the  residue,  and  there  remained  the  oxide  of  nickel.  J 

To  c<>llc<t  the  nickel  which  may  iiave  remained  irith  the  oxide  of  iron  j 
proiii>itrttt'd  from  the  nitric  solution,  the  oxide  was  dissolved,  wliile  moist,  in  / 
acetic  arid.  The  residue  lining  been  dried,  was,  with  proper  precaution,  I 
treated  with  water;  then,  after  passing  the  liquor  through  a  filter,  carbonate  | 
of  potash  was  added,  which  produced  a  slight  white  j>recipitatc ;  and  on  I 
boilinj;  this  solution,  the  precipitate  ij»nited  gave  the  (txide  of  nickel. 

The  folic  (wing  is  the  i)rocess  fidlowed  bj*  Mr.  Cliildrcu,  in  the  analyses  i 
which  ho  made  of  the  meteoric  iron  of  Siberia: — He  first  dissolved  it  in  | 
aqua  regia,  then  precipitated  the  oxide  of  iron  with  pure  anmionia;  washed, 
and  ignited  the  precipitate.  The  animoniacal  solution  was  evaporated  to 
dr^-ness,  the  ammonia  driven  off  by  heat,  the  oxide  of  nickel  again  dissolved 
in  nitric  aeid,  and  prcciinlated  by  pure  potash,  after  the  mixtm-o  had  been 
submitted  to  ebullition  during  some  seconds.  Tlie  precipitates  were  heated 
to  redness.     M.  Karsten  recommends,  in  testing  for  nickel,  tlie  use  of  sue- 
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ciuate  of  ammonia,  which  he  liuds  hotter  thau  ammouin;  hut  it  is  (.sseutiiil, 
he  says,  that  the  iron  ahould  ho  eutiruly  converted  into  peroxide,  and  that 
Uie  solutiou  sliould  be  completsly  neutrali/od  hy  caustic  ammonia  before 
precipitating  the  oxide  of  iron  by  tlie  succinate.  It  is  ahio  essential  that 
the  solution  should  he  largely  diluted  with  water. 

Mr.  C.  A.  Shcppard  has  analyzed  the  aerolites  of  Ix)uisianaf  and  £nds 
their  composition  to  bo  : — 

Iron i)00:>0 

Nickel »((7-t 

Loss 1»-;l00 
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.V  meieorolite  which  fell  near  Kostnz  in  llussia,  on  the  Idtli  of  October,  1810, 
contained,  according  to  tlic  analysis  made  hy  M.  Stromcycr,  17*4!)  per  cent,  of 
iron,  and  1*30  of  nickel,  in  a  state  of  alloy.  M.  Momay  also  fomid  in  IHl  I, 
uear  Bahia  iu  tlie  Bra/ils,  a  mass  of  mcteonc  iron  which  had  been  tirst 
observed  in  17H4,  and  which  was  about  seven  foot  long,  four  feet  high,  and 
tiro  feet  thick,  the  total  size  being  about  twenty-eight  cubic  feet.  Sir.  Wollas 
ton,  who  analyzed  a  fragment  of  the  mnss,  found  four  i)er  cent,  of  nickel. 

Afimgmeut  of  tlie  acroUtc  fotind  In'  Captain  Barrow  in  tlie  South  of  .^Vfrica, 
abont  20U  miles  from  tlie  Capo  of  (lood  Hox>c,  fell  into  tlie  hands  of  Mr. 
Sowerby,  who  iu  1H20  converted  it  into  a  sword-blade  about  two  feet  and  a 
lialf  long.  The  blade  acquired,  in  tempering,  a  very  remarkable  degree  of 
elasticity.  It  is  now  the  prox>erty  of  tlio  Emperors  of  Itussia.  An  analysis 
made  by  Mr.  Teunant,  represents  tlie  nerohte  to  have  contauiod  ten  per  cent. 
of  nickeL  M.  Stromeyer  has  often  found  m  tlio  analyses  of  ai^roUtes,  notable 
proportions  of  nickel,  which  could  not  be  detected  by  the  less  dchcatc  methods 
previously  employed. 

Tlie  Esfiuimaux  whom  Captain  Ross  encountered  in  his  expedition  to 
tlie  Nortli  Pole,  used  knives  coarsely  made  out  of  lUTolites  found  in  Cirocn- 
lond.  Mr.  WoUaston  confirmed  this  fact  by  an  amilysLs,  from  wliich  it 
resulted  that  the  iron  contaiued  tlie  customar}'  proportion  of  nickel.  Acrolitic 
irDu  is  ortlinarily  very  soft.  It  sliarcs  this  quality  with  nil  iron  deflcient  in 
carbon.  There  arc  some  specimens,  however,  in  which  this  is  not  the  case; 
and  then,  if  we  are  to  believe  M.  Karsten,  tlie  iron  owes  its  liardncss  to 
some  other  substances  besides  carbon,  and  which  are  often  only  fuiuid  in  a 
state  of  mixture.  Wlienthe  Siberian  meteoric  ii'on  is  heut^^d  to  fuint  redness, 
ciystullinc  figures  appear  at  the  surface ;  and  when  the  poli^ihcd  surface  is 
heated  till  it  becomes  blue,  yellow  markings  ajipoar,  which,  according  to  Ber- 
zelius,  arc  remarkably  beautiful.  Those  conixiounds  may  bo  produced  arti- 
ficially. They  are  ductile ;  but  when  the  nickel  amounts  to  more  than  uiic- 
tcnth,  thoy  are  less  ductile.  Tliey  do  not  rust  so  easily  as  iron.  Professors 
Faraday  and  StoUart  have  succeeded  perfectly  in  obtaining  tlicse  compounds 
artificially.  To  some  specimens  of  good  iron,  tliey  added  three  per  cent,  of 
nickel;  die  mixture  was  then  put  hi  a  crucible,  and  exposed  to  u  high  tern- 
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pctatttrc  during  scv^rsl  hours.  The  mPtaJs  were  mcHcd  ;  and  on  fTftmininp 
tilt'  buitiin,  the  nifkd  wns  found  conibmcd  "\ntli  tbc*  iron.  Tlieallov  appeared 
to  be  as  malleable  fttiri  easily  worked  as  pure  iran  ;  its  colotu*  i^rtt*  tolcralily 
white  Tvhen  poli3liL'<i;^tlie  «;p(?c'ilic  rfravitr  y'«h  7W4.  Hiey  i.rere  «|n«Ilr 
succoEsfiil  in  prepaiiiig  nn  nlloy  correppfindinji  to  tlie  Silieriftn  meU-oHc  inm. 
Tlitty  melted  liorse-slioc  nails  \ntli  ten  per  cent,  of  niokcl :  the  mftnls  wte 
found  perfectly  comMued,  but  the  alloy  waa  less  niollcuble  niid  whs  oneilj 
brolcL'n  under  the  liftinnu-^r,  Poliwhcil,  it  had  n  yellow  tinf^c  :  its  spcL-Lfic  gt*' 
Tity  was  7  H4U;  TliU  nlloy  wns  nlfeotod  Tcry  slightly  hy  biixnidity,  compared 
to  i^'lmt  wotild  hBTe  ljftppom*U  had  tlie  iron  hecu  pnro. 
According  to  M.  BorthiKr,  the  nlloy  consiBting  of — 

Iron OniT     l'2flL 

Nickel 0-ORa       1  „ 

which  ia  pldAincd  hy  reducing  n  mixture  of  the  two  oxides  in  n  cmrfhle 
lined  niih  dmrconl,  is  gemi-ducliks  Tcry  tenacious,  and  hits  r  gi-nnuJaj 
tiue»  sUyhlly  Iflinellur.     Tliis  nlluy  is  iilenUf'al  witli  meteoric  iron. 

Iron  and  Gold. — Iron  reiidiiy  unites  with  gohl  hy  ftision,  in  till  pt 
tiims.  imd  in  all  its  E»lpt*;H,  nsmnllciible  iron,  cast  h'on.  ond  stcck    Tht?  nIEnit 
hetu'oeu  (ho  two  ni^trtl^  ia  \e\y  ^Tentn  and  lliciJ*  alloy  is  difficult  to  docorapo9( 
The  gold  ffif-ihiiUes  tlio  fusioti  of  lion — a  fact  ;vhii"li  siifliciontly  indicnk'S 
tendency  of  Ibc  t\^'o  motels  to  combiiiie.      M.  Gcrlloi't  condndes  from 
circumstjincc  thjt  ;^nld  is  much  bettor  tbnu  copfjer  for  FijUlGi"in^  works  m  ii 
find  steel,  ^vliere  doliente  workmanship  is  requiitd.     lie  bus  likeTi-ise  nssigncilj 
to   li'on  tbc  fii-st  pbvce  nuionr;  mctida  in  the  order  of  aOinitios  for  j;rdd.     W< 
cfinjiot  ftlir  y;uM  in  n  stnte  of  fusion  wiUi  nn  ir*>n  rod,  on  coconut  of  Uie  ire 
dissolving  in  snml!  quantity.     Aeconling  to  JL  iCursten  mid  others,  ii-on  d< 
not.  to  nil)'  remiuiiuMe  extent,  wunktu  tlie  tennejtj'  of  gold;    and,  on 
othoT  hand,  it  does  not  appear  that  gold  proJueea  any  bad  eflVrcl  on 
iron. 

Hes&i'H.  MacquerandLcnjibflrdi  uKutioii  tlic  following  niloys  as  the 
of  expeiimentii  mnde  by  the  f 'onut  de  Sickhif^en : — lliree  parts  of  ironnnd  i 
part  of  gold  enter  into  fusitm  togtitlit-r  at  ft  tomperatviro  inferior  to  that  n&coa-" 
E.;aiT  for  melting  iron-  Eqiml  parts  of  the  two  metnis  gave,  hy  fusion,  ft 
grayish  mass,  somewbftt  hiittle,  and  attructed  by  tlie  niflj^iet.  "WitJi  sLx  parts 
of  guld  and  one  of  inm,  a  whito  nUoy  ia  obtained,  whieh  ia  attitictcd  by  the 
ma^etp  dnciilc  while  coM,  iiud  at  n  modrrnto  heat  hecomts  yellow^  rctl,  and 
b]tie.  Nine  partu  of  ii'un  nnd  one  of  gold  fonn  on  alloy  winch  resists  tlie  file, 
unless  prcnously  aubjeeted  to  a.  red  hent.  "^'ith  twenty-eight  parts  of  iron 
and  eij^bt  of  gold,  the  nlloy  is  nR  ^vhite  as  pnrc  Eilvcr,  and  mor«  yielding  under 
the  file  and  Iminmer  than  duclilo  iron, 

Accnnling  tti  M.IIntL'licit.  tlie  idloy  formed  nitli  eleren  pfirts  of  gold  and 
on^  of  iron  is  very  duclUe,  uf  great  resisting  power,  and  l^arder  than  gold. 
AVithont  any  proparnLion  it  eon  readily  he  cut  inti^  b]o<'k3.  lonrinated,  ca- 
fttnick  into  medals.  This  alloy  is  of  a  pale  yellowish- }n"ny  colour,  approorh 
inp  to  a  dirty  whit(*.     It^  Bpeeilie  gravity  is  Itl'SKS.     Tliero  is  nu  expnnfcion 
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•if  YoliiiiiG  iiftt'i*  thu  luiLuu  of  tlie  l\V(>  iiictuls.     Su|»i>u.sing  it  to  liiivu  bceu 
lUOO  beforuhand,  it  is  1U14'7  afterwards. 

We  Icam  from  H.  Duiuns  that  tlie  alloy  which  contains  a  twelfth  of  ii-on 
is  of  a  polo  yellowisli  colour ;  Uiat  couiiiiuin'j:  fi'om  a  lifth  to  a  sixtli  is  yolluw- 
gny,  and  is  employed  iu  jewellery  imdcr  tlio  uiuuc  of  giiiy  gold ;  Avhilc  the 
alloj  of  three  or  four  parts  of  irou  for  one  of  gold  is  g^l^-isll-white  and  verv 
Laid. 

Tliese  alloys  may  he  tempered,  talvC  a  veiy  high  polisli,  and  will  make  very 
cxcellcut  cutting  instruments ;  iicnvly  equal,  indeed,  it  is  said,  to  steel,  when 
the  iron  is  in  tolerably  lai'go  proportions.  Dr.  Lewis  has  6uc<*^eded  ui 
making  excellent  i-azors  with  them.  Tliu  iilloys  in  ^^'hich  gpld  x>i*edominates 
serro  to  make  gold  of  diU'ercnt  colom's,  and  are  einplo3-ed  hy  jewellers  for 
this  purpose. 

For  gildiug  iron,  several  proccs.ses  are  employed.  After  poUsluug  the 
snriace,  it  is  covered  with  a  leaf  of  g<>ld,  or  it  may  have  a  coating  of  vaniisb, 
wliidi  is  burnt  iu  after  having  laid  on  the  leaf  of  gold  ;  or  we  may  precipi- 
tate upon  the  irou  tlie  gold  dissolved  in  nqua  regia,  and  m  tliis  case  tlie  solu- 
tioa  must  be  diluted  with  sulphuric  etlier ;  or,  iimiUy,  we  may  rub  tlie  metal 
with  an  amalgam  of  gold,  and  dnve  off  the  merciu'y  by  sublimation.  Tliis 
is  called  fire  gildiug,  and  reqiui-es  tlic  surface  of  the  iron  to  be  covered  in  tlie 
first  place  with  a  shght  follicle  of  coxqter,  laid  on  b3-  the  aid  of  a  solution  which 
is  made  as  lullows : — 

2  oz.  of  concentrated  sulphuiic  acid,  or  -i  oz.  if  the  acid  be  less  strong. 
f  „  of  alum. 
j   „  of  sal  ammouioc. 
f   „  of  sulphate  of  co])i}cr. 
^  „  of  sidphute  of  zinc. 
6  „  of  pure  >inegar. 
^le  whole  dissolved  at  a  moderate  temperature  in  tluvc  pouuds  two  ouuces 
uf  rain  or  river  water. 

The  iron  is  nibbed  with  tliis  liquor  and  with  mcrcmy  nuUl  a  pnlc  coating 
presents  itself,  witli  small  drops  of  the  liquid  mctiil  on  the  surface.  Then, 
Slid  uot  till  then,  it  is  treated  with  tlie  tunalgam.  The  mercury*  may  be 
Miblimed  at  a  temperatm-e  corresponding  to  tliut  wliich  produces  the  violet 
colour  iu  the  annealing  process. 

An  easy  and  successful  mode  Ls  to  apply  leaves  of  gold  to  iron  co^'ered  with 
s  iligUt  coating  of  precipitated  copper.  There  is  also  auother  kind  of  gilduig 
which  is  cil'ected  by  iucnifltation,  or  hu-h^.  It  is  unnecessary  to  state  tliat 
i-lectro-gildiug  has  superseded  most  of  tliese  processes. 

We  sometimes  meet  iu  couiinerce  with  goUl  alloyed  or  mixed  ^ntli  iron,  or 

gilt  articles  which  have  been  worn  out  iu  domestie  or  other  uses.     In  order 

to  remove  the  gold  from  tlio  surface  with  as  little  mixtiu'u  ns  XMSsible  of  iron, 

it  is  rubbed  witli  a  iilc,  or,  still  better,  subjected  to  tlie  nctiuu  of  substances 

wdiicb  dissolve  tlio  gold,  or  detach  it  by  acting  upon  tlic  iron.    Thus,  for 

I  esunple,  M.  Berthier  recommends  smearing  the  surface  with  sal-ammoniac 

1  moiatened  witli  nitric  acid,  and  tlieu  heating  nearly  to  dryness ;  or,  still  better, 
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to  nib  it  \vitii  oil,  fmcl  tlien  sprinkle  it  wilh  a  laixtiii-i*  of  t.wo  paids  nf  snl 
ammoniac  niid  ohq  port  of  niLr«>,  &iul  theu  hent  it.  After  eitiier  of  lhc.*io 
nperntions  tlie  gold  detadies  itself  by  collifiioQi  Ot  by  Himply  rubbing  irith  a 
swatch-bmah. 

The  dilferent  mixtTirca  of  golil  ntid  irou  mtiy  bo  a^snyed  by  incltiu^  tiicm 
with  litliorge  or  witb  Jiitre,  lUid  udJiiig  lead,  aftc^r  fusion,  in  order  to  coUed 
all  tbe  pttiticles  of  metal ;  or,  bettor  still,  by  eubnuttipg  tliem  to  scorificnUuii 
Xrith  abntit  sixteen  paits  of  lend  and  a  small  proportion  of  borax.  To  scpii 
rate  gold  from  iron,  ancient  mctnllnr|Tists  prescrili>ed  various  intiibods*  Some 
molted  tJie  alloy  \ni\i  Giilphur  and  llircc  parts  of  potAsh  ;  lliey  then  Tvasht?)! 
in  water,  wbitdi  dissolved  tbe  sulpldde  of  gold,  precipitated  Uie  soilpbide  wifli 
ftu  acid,  nnd  soparotod  Ibo  gold  from  it  by  tlie  means  we  have  already  iiiJi- 
catod.  Olbers  mclti^d  ivith  one  piu-t  of  copper  and  two  of  snlphtir ;  tlien  e'iihet 
roFusted  tliQ  su]pliiJo  or  trosiU'd  it  witli  nitric  neid.  nnd  melted  tlio  oiidiz^i! 
Enbatnnce  with  Mihnr'^o.  and  blacli  flti?(,  Copper,  from  ils  aflinity  to  gold,  i^ 
in  trnfli  one  of  llie  most  ai-Jive  agcnt.^  iliut  can  be  employed  to  separnto  ibi^ 
metfil  from  its  combinntioii  by  tJic  tfry  method.  Some  employed  tho  ctm- 
traiy  method,  dissolving  it  by  itqtiii  regia.  aud  precipitating  the  gold  witli 
tlie  protosnlphnto  of  iron. 

We  nmy  oIho  fiepftmt<*  gob!  from  iion  by  mpfitis  of  stilphide  of  nntijnony 
Tliis  is  not  a  good  procedure  for  nssBys,  but  it  is  used  by  goMsinitlis?  to  brin^ 
t!ie  gold  to  ft  high  fitmidnrd,  ns  it  removes  the  minutest  tmeos  of  other  inetidw, 
even  of  silver,  which  it  often  retains  after  cupellation.  Tbe  operation  is  thiic 
performed  : — Tiie  gold  is  heated  m  a  crueible  ;  and  when  melted,  pure  sulpbidv 
of  antimony  is  throT^Ti  npon  it  in  thepraportionof  from  twoto  fotir  parts,  accord 
in^  to  the  greater  or  lesH  abundance  of  foreifjn  mctala.  The  heat  must  be  appliitl 
gently  to  preTent  bubbling  over,  and  caie  taken  timt  no  cinders  fall  into  Ui 
mnss  in  fusion,  lest  it  cause  it — fi«  is  ]il<i"'l_v — to  boil  ovor.  To  avoid  tin 
risk  of  Uiis  Accident,  the  crucible  should  be  of  a  si/d  which  would  leave  one 
tliixtl  free,  even  when  the  mixture  of  gold  itmi  sulphide  of  flutimony  is  in  full 
fufdon.  All  forei}:^  metalfl,  even  silver,  pa$s  into  Uie  Plate  of  snlpbide ;  and 
the  antimony,  which  the  sulphur  has  abandoned^  remains  alloyed  willi  the 
gold.  The  mixture,  when  melted,  is  poured  into  a  conical  iron  ingot-mould, 
the  aulphido  of  antimony  separntud  frvm  the  gold*  which  is  again  melted 
witli  a  new  dose  of  Bulphidc  nf  antimony;  and  this  taliPH  place  a3  often  a£  mi 
be  deemed  ncceauarj- for  its  puiiiication^  When  tlie  proportion  of  iron  co: 
hined  or  mixed  with  gold  i»  considerable,  it  is  usual  to  add  stilphnr  to 
sulphiile  of  antimony  in  the  first  trealuieut, 

Xvoii  «n4  Fliilmun^^Iron  conibint'S  with  platinum  in  idl  proportionEi, 
This  combination  occurs  ntiUve,  platinmii  beisig  ordinarily  found  nlloy^d  witli 
iron.    Tliis  alloy  is  easily  made  in  an  ordinarj'  furnace,  and  wc  should  Uiens 
fiire  be  cautious  in  putting;  iron  in  contact  mtJi  vessels  of  platinum  at  a  hi 
temperature.      Pr.  Lpwih,  hnivever,  could  not  succeed  in  tlie  altouiplfl 
made  to  uiiit^;  tlusR  mclnL't  by  fusion— a  fact  which  probably  arose  from  h 
using  ductile  iron  :  but  lie  wa.**  more  fortimnte  wlienbemclti-d  together  nati 
platininn  and  pip  iron,     Tlie  nllny  was  excessively  hard,  but  possessed,  n^er 
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thelfss.  some  ductility  when  tlic  iion  fonuod  about  three  qimrtcrs  of  it.     I ts 

specitic  gravity  considcmWy  exceeded  the  mean  density  of  the  two  motoLs, 

!  the  platmum  having  destroyed  iu  the  iron  its  property  of  expanding  as  it 

j  become  solid.     This  alloy,  at  tixe  end  of  ten  years,  was  very  little  tarnished. 

j  At  a  red-beat  it  became  brittle,  and  its  fructuro  was  black,  without  any 

mctallio  lustre. 

According  to  the  experiments  of  Messrs.  Faraday  and  Stodart,  equal  paiia 
of  tlieso  two  metals  give  a  cr>-stalline  alloy,  Busce])tible  of  a  fine  polish,  and 
with  a  density  of  ti'862  ;  it  does  not  tarnish  in  tlio  air,  and  would  be  suitable 
for  mirrors.    This  alloy  is  tolerably  fusible, 

l*Utinum  and  iron  may  be  joined  by  soldering  them.  Messrs.  Faraday 
ud  Stodart  nnited  by  this  method  tlireads  of  tlie  two  mebils,  and  obtained 
from  them  a  handsome  specimen  of  damaskeening,  by  treating  tliem  aa 
ktt  damaskeened  steel. 

M.  Bertlucr,  who  heated  iu  a  crucible  lined  wltli  charcoal,  to  150°, 


Platinum   . 

.     0:24ft      1  at.     . 

.     0-47«     1  at. 

Iron .    .    . 

.     0-752    10  „      . 

.    0-5-n    4  „ 

finind  the  two  mixtures  fused  without  difficulty.  The  first  button  weighed 
1*013 :  tlie  carbon  absorbed,  tlicreforc,  was  O'Oia.  The  second  button  weighed 
but  1*003,  and  had  therefore  absorbed  but  OOO:;  of  carbon.  The  two  alloys 
became  completely  flattened  nuder  Uio  hammer  before  brealdng ;  their  fmc- 
tore  was  gray,  granular,  and  a  little  interwoven.  Tliey  were  easily  liled.  took 
a  fine  polish,  and  their  colour  was  ratlier  that  of  platinum  tliau  of  iron.  The 
aUoj  consisting  of  one  atom  of  each  metal  did  not  melt  readily  at  a  tcmpcra- 
tnro  of  150^ 

Platinum  combined  with  iron  is  more  readily  acted  upon  by  acids,  and 
may  bo  dissolved  by  nitric  acid.  To  make  an  analysis  of  a  binary  alloy  of 
these  metals,  it  should  be  treated  with  aqua  rrgia.  The  inctals  are  then  prc- 
dpitated  with  zinc,  the  precipitate  digested  with  nitric  ucid,  when  the  platinum 
will  remain. 

Isoa  aad  Lead. — Chemists  are  not  agreed  as  to  the  combination  of  these 
metalfl :  some  doubt  tlio  fact,  otliers  admit  it  under  some  circumstances  only, 
and  some  regard  it  as  impossible.  Among  otliers,  M.  Borthier  is  of  the  last 
opinion.  Messrs.  Macquer  and  Ijconhurdi  say  tliat  iron  is.  of  »11  metals, 
the  only  one  that  has  never  been  alloyed  with  lead.  M.  Gellert  remarks 
that  this  property  of  iron  renders  it  very  lit  for  separating  lead  from  other 
metals,  in  cases  where  tliey  have  less  affinity  for  the  lead  tlian  for  the  iron. 
It  is,  at  all  events,  certain  that  the  lead  may  itself  sen*c  as  an  iittoiineduito 
means  of  sex>arating  iron  from  other  metals — from  silver,  for  example;  for  in 
melting  a  sufficient  quantity  of  lead  nith  an  alloy  of  iron  and  silver,  the  lead 
seizes  eagerly  on  tlie  silver,  and  isolates  tlic  iron,  wliich  is  seen  to  swim  on 
the  snrCBice  of  the  lead  and  silver. 

M.  Muschenbroeck  assorts  Uiat  ho  has  been  able  to  combine  by  fusion 
400  parts  of  iron  with  134  of  lead,  and  tlius  to  have  formed  a  hard  alloy 
whose  tenacity  was  not  the  half  of  that  of  pure  iron.    lie  asserts  also  that 
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lite  gpodfic  gravity  of  on  alloy  cousUUng  of  t«n  ports  of  irou  and  one  erf  iGtut 
is  only  4'2M}, 

Accordlnj;  to^I.  Rlnmfum  lead  vnll  coroblne  with  a  smidl  quantity  of  iroQi 
aud  ifcoquues  inut?li  greater  haidnesH ;  but  he  tvus  Tmalile  to  fonn  either  tliis 
comUiuatio]!,  ct  tlie  inverse  oiie»  by  uiejms  of  a  simple  fitsion.  He  wnly  sa«- 
cecded  iii  eiTectin*^  a  mole  iutiniute  action  of  Uie  molecules,  eiUier  by  using 
iron  for  tlie  redui-tion  of  ihe  leitdp  <jr  by  mixing  ike  oxides  and  redncuig  tlietn 
witii  powdered  chfti'coftl, 

X>x.  Vre  affiims  that  iioa  docs  not  unito  with  lead  so  long  Ei6  boiU  tbcsd 
Buli&timces  preaervfl  tlio  metallic:  fonn, 

M.  Guyttm-Mon'eftu,  iii  soina  cxperinients  mtidc  fiul>Beqnently  to  tliosa 
of  M.  RiQUDUtUf  mclLed  a  mixture  t*f  iron  luid  leaJ  ;  tuid  records  bansig 
obtiiiuod,  on  ccnyVmg^  two  distinct  lnycrs  :  tltc  uppor  ouc  counting  of  irou 
ivith  a  Utile  Jpwd  ;  the  lower  oue  i-onsistijig.  on  tiiu  contran-,  of  liyid  con- 
tniiiing  a.  littlo  iroiL  liut  liu doc^ ndtgivo  the  propoiiious of  tbeae  two distiuc 
alloys, 

M.  Tb«nard  limits  bimsclf  to  esprcEsiug  doubts  upon  the  combinatian  of 
iroji  witli  lead. 

BerzeliuB  nud  Dumas  consider  the  uiiion  of  tlie&e  mct&ls  as  very  difficult 
to  he  efl'ecLt'd  ;  but  tiii'y  nppcftr  to  odjiiit  (he  results  of  M,  GuytiDU-Morveau. 

M.  Hassc^nfi'atz  1ms  also  madij  cxjA-riiucnts  iHth  lead^  coj^pcr^  and  other 
mctnl^,  pluccd  in  {^nnJlirun  ctinnon,  Avhicblicr  llien  submitted  to  uTkiiite  liea 
It  ivfis  a  mode  of  cementing  hoti  in  some  sort  by  tho  fujnpB  ol  the  Uad.  But 
however  iutereKting  tlicwe  experimenls  tuny  bu,  Uivy  iosv  tJieir  value,  because 
of  the  ahHcnce  of  any  statement  bs  to  the  pr<tiK'rtica  uf  tljo  alias's  obtaiuod; 
that  chemist  ntitber  iuJirfttiiig  tlie  weitflil  of  the  lead  used,  nor  Uio  irdglit  oT 
tbflfRimou  betoi'L'  and  iifter  tlic  operation.  Those  proportions,  nci'erthcless:, 
were  exiiclly  the  llungH  whieh  we  ought  to  know  ;  for  it  is  possible  that  the 
iron  mnj'  not  bo  iiijmx^d  except  by  a  large  pniporlion  of  tlie  foreign  xuetaU, 
in  "niiich  casG  tJie  pi-aetical  ^^yirlsfr  in  ir<m  would  hnve  nuQiinfj  to  fear  flram 
their  influence.  \\]ien  ti^ated  after  this  maimer  with  lead,  iron  i&  fo; 
with  ditEoiilty,  is  full  of  tlaws,  nud  brittle  when  eald. 

M.  Kai-sk'n  uis^iorvcs  Uiat  in  M.  HftsseiiJr.ib.s  CKpcrimeiits  the  metals 
Tvere  lofrt'dj  as  it  ^vcre»  to  mix  in  projiortions  ditlerent  from  those  they  wimH 
have  elioBOii  had  they  hern  k>ft  in  the  liquid  state  to  the  aetiun  of  their 
nioieeulcs.  He  has  supplied  the  delicieiicies  of  M.  liastjenfratz.  Tlie  r»- 
Honrchea  he  made  nro  inlerestliir^  in  tlieir  rclatlun  to  tlm  metallurgy  t>{  iroo. 
Iron  ores,  it  mnst  be  reeolluctud,  fix>quDnt]3*  conUtin  lead:  tind  it  b^^com^a. 
therpft^re,  important  to  miderstnnd  WLdl  ijie  properties  of  tlte  alloy  of  llttae 
two  metals.  Treated  inbhiBt-furnncpB,  tliese  snbstfinces  give  load  in  a  reduced 
atatCj  wiiieh,  afttr  the  niultingt  leaves  tlie  cruoilde  wiUi  the  enide  iron.  Altd 
taldiiR  down  tlic  funinec,  it  is  found  under  tlie  hcartht  cillier  as  m«»tal.  nr 
oxidi/cd,  or  tmnsformcd  into  n  xeij  beautiful  red  oxide  of  leatl ;  or»  finally,  in 
tlie  state  of  a  cryHttillized  ^ilicat«. 

In  his  eiperimcnts,  M.  Karsten  has  never  succeeded  in  eombiiun^the  two 
mebils  by  simple  fusion.    I>ncme  iron  without  carbon  did  not  melt:  with 
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ion  of  powdered  charcoal,  he  obtained  (aa  with  crude  iron)  onlj  lead 
e  cast-iron,  which  contained  no  trace  of  lead. 

drge,  reduced  witli  crude  iron  in  excess,  gave  him  the  same  result, 
rtain  quantity  of  scoria  consisting  of  one  or  other  metals, 
hetltuting  ductile  iron  for  crude  iron,  M.  Karsten  obtained  an  alloy 
arge  at  a  very  liigh  temperature.  The  button  was  completely  melted 
onnded  on  all  aides  by  lead.  The  scoria  was  black,  and  contained  a 
le  two  metals. 

Allowing  are  tlie  average  results  of  five  different  experiments  which 
ten  made  with.  100  parts  of  ductile  iron  and  8U0  parts  of  Utharge : — 
ton  of  lead  230  parts  instead  of  27H'85,  consequently  00*65  parts  of 
e  vitrified ;  button  of  iron  22*5 :  it  follows  that  77*5  parts  of  iron  in 

of  protoxide,  combined  with  22*8  of  oxygen,  became  vitrified.  But 
}  of  lead  could  not  supply  more  thou  171  of  oxygen  at  the  rate  of 
cent    The  remainder,  therefore,  coine  from  the  air  contained  in  the 

or  from  that  which  was  introduced  during  the  operation.  It  is  even 
that  the  substance  of  tlio  crucible  had  yielded  a  certain  quantity 

lutton  of  iron  liad  not  the  properties  of  oi*dinary  ductile  iron ;  its 
was  lamellar ;  it  could  be  easily  forged,  but  soon  displayed  slight 
it  was  very  brittle,  possessed  no  hardness,  dissolved  -without  giving 
residue,  ui  nitric  acid,  and  consequently  coutnincd  no  carbon.  Satu- 
ii  caustic  ammonia,  and  tlien  treated  with  tlie  sulpliate  of  potash,  the 
gave  2-8  per  cent,  of  sulphate  of  lead,  containing  3*00  of  metal;  so 

regulus,  which  bore  some  resemblance  to  crude  iron,  was  composed 
of  iron  and  of  200  of  lead. 

button  of  lead  obtained  by  the  reduction  of  htliarge  was  dissolved 
it  in  nitric  acid,  and  the  solution  treated  ivith  sulphate  of  potash, 
itralizing  tlie  solution,  tlie  sulphate  of  lead  was  sepai-ated ;  the  liquid 
tralized,  and  treated  with  the  bcnzoate  of  soda,  showed  no  trace  of 

follows,  therefore,  according  to  M.  Karsten,  that  by  simple  fusion, 
lead  cannot  combine :  tltat  cast-iron  or  carburcttcd  iron,  when  they 
tharge,  do  not  yield  an  alloy ;  but  that  pure  iron  phiced  iu  the  same 
ances  may  retain  as  much  as  200  of  lead — a  circumstance  which 
i  more  brittle  and  more  fusible  witliout  hardening  it :  in  short,  that 
tither  case  cannot  unite  itself  to  a  small  quantity  of  iron ;  results 
re  opposed  to  tliose  of  M.  Itinnuuin,  and  to  tliose  of  M.  Guyton-Mor- 
t  even  seems  tliat  lead,  obtained  by  the  reduction  of  the  scoria,  does 
ita  hardness  oritsbrittleness  to  the  presence  of  iron,  as  was  generally 
Iron,  tlien,  is  not  deteriorated  by  the  presence  of  lead  iu  the  ores, 

they  are  smelted  iu  blnst-funiaces  to  moke  cast-iron,  since  the  lead 
«  iron  cannot  combine  together. 

composing  crude  iron  obtained  from  plumbiforous  ores,  analysis  has 
denced  to  M.  Karsten  any  trace  of  lead.  Kevertlieless,  it  is  possible, 
that  a  very  feeble  dose  escapes  the  operations  of  the  chemist.  On  the 
ie,  as  thia  alloy  does  exist,  as  regards  pure  iron,  we  cannot  but 
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applaud  the  cltbrts  of  tJtose  inf^t'kllur^idts  who  linve  luadu  syutliettc  exi>rh 
mciits  in  reforeiice  to  tliis  subject.  In  the  ftssays  M-  Knretcu  made  in  SilcKtu. 
he  aJded  to  Ujo  crude  iron  in  the  first  experiment,  qug  per  t-ent,  of  lemi  (mil 
forthe  ytcoud  owe  per  cent,  of  hlljiii-ge.  The  iron  ihus  ohtamed  liad  no  d*!fcct; 
but  its  fin»lyBi8  iireseiited  no  trace  of  k-iul,  ftud  Iho  sulphuretted  hydrogeo 
used  ^'(ihKI  have  readily  discovered  it,  had  niiy  been  pi-csetit.  Tliese  experi- 
ments were  rejwaied  a  tliird  time  with  two  per  cent,  of  Uthnige,  and  furnished 
tlio  fjiuiif.'  results. 

Ixon  and  FQlasiium. — Acconlin^  to  Berielius,  iron  conjhiuoa  xviih 
potassium  by  uiciuiK  of  Iioat,  and  the  alloy  luflts  niwre  easily  Uion  pure  iroli> 
capecitilly  when  expn*t£?U  to  the  nir.  jVit  and  water  both  dl(^coni]K)s£  tUin 
alloy.  Ai^t'ordiug  to  M.  Krtrsten,  CRst-irou,  when  fused  with  potash^  becomes 
convt'd^d,  first  into  n  strcl  Uke  iron,  and  tlien  into  jjure  iron,  beeaiifte  Uic 
carhou  is  consumed  in  tlic  reduction  of  the  ulktih;  but  tJie  iion  docs  not 
enter  into  cninbinrition  mtb  Ihe  potasE^ium  on  a«eouiit  of  this  inotai  not  Iwing 
sufficiently  Used.  It  is  for  tliis  reason  also,  siiya  SI.  Karston,  that  no  alloy 
3B  obtiuiiod  when  iron  nnd  potassium  are  fused  with  the  nddiiiou  «f  eharconl; 
or  even  when  wo  melt,  ns  M.  Semllaa  has  done*  u  mixture!  of  iron-filings, 
tartrnte  of  pntasli,  and  soot.  Thiit  goutlomiin  is  md  to  have  obt^tineil  in 
thin  WH)'  a  compound  of  ltipu  and  p4)tn.ssium>  which  was  boUi  gray  and  brittle ; 
but  M.  Karsten  remarks,  that  in  this  operation  the  iron  was  probuhly  chimgetl 
into  crude  iron  or  steel, 

M.  Karateu  con^dders  it  proved  by  tlio  experiments  of  ^t.  Hassen&'Otz, 
that  potaflsiiim  can  have  no  miscliicvous  intlucueo  on  the  quahly  of  iron.    A. 
gun-barrel,  wliich  hud  been  u^ed  to  decompOBO  potash,  and  in  which  a  con 
fiiderable  qnautity  had  in  fact  been  deoxidized,  admilted  of  being  fc»^g(^d  witU 
cjise,  and  the  iron  was  neither  defective  in  texture  nor  brittle  when  cold 
M.  Karstcn  fmlhtr  illustrates  thin  by  pointing  out  that  if  potassium  com 
hined  with  iron,  ire  ought  to  find  it  in  nil  eases  M'hen  tlie  ores  flrc  tr^At^ 
with  chaicool.      Yet  they  have  never  pixen  a  trace  of  it  on  analysis. 
cliemii^al  ineana  cannot  discovt  r  it,  it  niiust  be  because  it  exists  in  very  smaJl 
qnaidities  in  the  metal,  and  this  smtijl  quantity  is  iusuJFieieut  to  eommnjuca 
any  defect  to  the  iron.   Neither  bus  11,  Karst^rn  found  any  potasli  or  pot 
eitlier  in  tlie  sU^'  of  bhist-fumaces,  or  in  the  crude  irun  smelted  by  ch; 
fliid  Ihenee  he  hifers  tlnit  the  potnfisium  in  reduced  in  blast  fumaeeft*  is  thett 
subUmed,  and  csicnpes  either  by  the  vtotith  or  frt>m  tlie  hearth*    We  may, 
indeed,  eunect  tlie  potiish  deposited  ^^ith  several  otlier  volatile  substouccti 
upon  the  tymp  nnd  the  walla  of  the  fiimnce.     These  deposits  cnntAin  not 
only  eRrtioiLii.te,  but  also  elilohdennd  cyanide  of  potassium.    According  to  Uic 
experiments  of  II.  Bertliier,  the  fiublimate  collected  from  the  t;-mp  coutiuns 
much  potash,  even  when  tlie  bla^t-fnniace  is  fed  by  coke.     Nei'ertheleas,  It 
just  possible  tljut,  tinder  otlier  circumstances,  m  the  fire  of  a  rctimiry  fo; 
oxampb.',  iron  may  combine  with  potassium  or  sodium. 

To  certify  tiiis  conjecture,  M*  Kui-sten  added  to  cn;de  ii'on  durlnitf  tlia 
refinery  operation  tive  or  six  percent,  of  potash  and  of  soda.  The  iron  becamo" 
less  caaity  vv(*lded,  and  of  very  much  less  tenacity,  although  it  contained  onlj 
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a  trace  of  Uk'sc  alkalios.  It  wixs  not  to  be  doubted  that  it  was  to  tlnir 
inflaence  the  l)ad  quality  of  the  metnl  ivas  to  bo  attributed ;  but  we  are  nil  the 
less  snq>riaed  at  this*  as  wo  know  of  many  other  bodies  which,  iu  very  small 
doses,  pToduco  analogoiLS  effects  upon  iron. 

But  tliOBO  results  are  of  small  importance  to  ironmasters.  In  prnrrttcc, 
we  are  assured  hy  M.  Karsten,  it  can  never  happen  tliat  iron  will  be  found  in 
contact  xnth  alkalies  in  quantities  like  these.  M.  Karstcn  expresses  the 
opinion  tliat  0'U005  of  potassium  hardens  iron,  and  diminishes  its  capabihty 
of  being  welded. 

Iron  and  SlUeliua. — ^According  to  Bcrzelius,  silicium  unites  with  iron, 
bat  only  at  tho  instant  that  it  is  set  at  liberty — that  is  to  say,  iu  the  nascent 
state.  Wlien  onco  isolated,  the  silicium  no  longer  combines  with  tho  u'on, 
and  it  acts  in  tlic  some  manner  in  reference  to  other  metals  susceptible  of 
forming  alloys  i^ith  it.  Messrs.  Berzelius  and  Stroineyer  succeeded  in  formin*; 
a  compound  of  silicium  ^Wtli  iron  hy  cementing  iron-filings  in  silcx  redncod 
to  a  fine  powder,  and  mixed  witli  pulverized  charcoal.  Tliis  mixture  was 
composed  of  3  parts  of  iron,  1^  of  silex,  and  OOU  of  charcoal,  and  exposed  to 
the  utmost  heat  of  the  blast-foniace.  The  iron  in  this  operation  enters  into 
aUoj  nith  tike  silicium,  as  in  similar  circumstances  it  unites  with  carbon. 
Tho  silicide  of  iron  thus  obtained,  is  of  a  silver-white  colour,  and  ductile  :  its 
specific  gravity  is  0'7  to  7*3,  while  tliat  of  the  iron  used  was  7'H2h5,  "Wo  do 
not  Imow  in  what  proportion  of  iron  and  silicium  tliis  union  may  take 
place. 

Tliis  alloy,  dissolved  in  acids,  disengages  silica  as  a  porous  mass  of  ahoiit 
the  dimensions  of  the  dissolved  silicide.  Tho  alloy  must  be  heated  to  be 
dissolved  in  sulphuric  acid.  Dissolved  while  cold  iu  hydrochloric  acid,  it 
causes  the  disengagement  of  more  hydn^gen  tlian  an  equal  quantity  of  iron. 
To  judge  by  these  experiments,  silicium  will  not  affect  in  a  very  sensible  man- 
ner the  tenacity  and  hardness  of  iron,  hut  it  diminishes  its  spccilic  gmvity. 
According  to  H.  Karsten,  however,  it  is  easy  to  see,  in  operations  on  a  h\Y<^i'. 
scale,  that  silicium  is  very  injurious  to  the  qualities  of  iron ;  and  tlint  n  great 
part  of  tho  iron  which  is  brittle  when  cold,  or  cold-ghort,  owes  its  biittlencss 
to  small  doses  of  this  eartliy  metal. 

The  tenacity  or  strengtli  of  iron  is,  according  to  this  metallurgist,  con- 
■iderably  diminished  by  the  presence  of  0'37  per  cent,  of  silicium.  His  ex- 
periments have  likewise  shown  tliat  the  action  of  silcx  on  iron  is  much  more 
injurious  than  Uiat  of  phosphorus. 

MM.  Janoyer  and  Gautliior  have  found  tliat  tlie  strengtli  of  iron,  smelted 
with  the  hot  blast,  depends  very  much  upon  tlie  amount  of  carbonate  of  lime 
used  in  tlie  operation,  llaw  iron  smelted  with  a  charge  that  yielded  a  slag  in 
which  tho  proportion  of  Hmo  and  ahunina  to  silica  was  Bt,  Aio.  had  little 
strength,  but  broke  readily,  and  analysis  showed  tliat  it  contained  throe  per 
cent,  of  silicon.  The  largo  amount  of  silicon  in  raw  iron  smelted  with  the  hot 
Uast,  has  been  ascribed  to  tho  easier  reduction  of  silica  at  the  high  tempera- 
ture thus  produced.  But  by  increasing  the  amount  of  carbonate  of  liino  in 
the  chai^,  ao  as  to  obtain  a  slag  in  which  the  proportion  of  basos  to  silica 
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\YQS  Bh*  Ato,  and  luiug  a  blast  at  tlio  lugUeat  attaiiiable  teqipentture,  tlie  iron 
produced  liad  much  greater  atrengtli,  aud  coutainod  ouly  1*8  per  cent,  of  ailioon. 
When  the  i>roportion  of  the  bases  and  silica  iu  the  slag  was  Bm,  Ai*,  Hm  inm 
contained  only  an  unapprcciablc  trace  of  silicon,  and  the  strength  ^'as  in* 
creased  in  the  proportion  of  45  to  05.  It  would  appear,  therefore,  that  tLe 
iuforiur  quality  of  iron  smelted  with  the  hot  blast  cannot  be  ascribed  to  tlie 
Ikigb  temperature,  but  is  owing  rather  to  tlie  charge  not  being  suitably  pto- 
portioned,  and  tliat  wbeu  tlici'o  is  a  sufficient  amount  of  lime  present,  silica  is 
not  reduced.  When  tlic  maximum  amount  of  Ume  was  used,  the  consump- 
tion of  fuel  was  on  the  average  six  per  ceikt  greater. 

If  wu  may  behcvc  M.  Berthier,  siUciuni  does  not  iiyaie  the  quality  of 
crude  iron :  but,  on  tltc  contraiy,  it  makes  it  more  eligible  for  all  lands  of 
castings.  The  largest  qimutity  of  silicium  that  M.  Karsten  could  find  wu 
<'I'4((  per  cent.,  altlioiigh  one  per  cent  is  iu  general  a  considerable  proportion. 
Crude  iron  smelted  with  coke  is  in  general  more  siliceous  than  that  smelted 
wiUi  charcoal.  Nearly  all  the  steel  made  iu  Franco  coulaius  silicium.  Ths 
following  are  tlie  results  of  the  analyses  mado  by  M.  Boussiugault,  which 
tend  to  prove  this  fact ; — 


Iron. 

Carbon. 

SiUeiam. 

Hangancio 
Sc  Copper. 

For  dc  Rive     . 

.     lH)-v<25     . 

.    traoca    . 

.     0-175     . 

.    trace's 

Couicnt  htccl   . 

.     !(U-;W5     . 

.      0-150      . 

.     02^.)     . 

traces 

C-ast  stcol    .     . 

.     'MiU'i    . 

.      U*:l:J:J      . 

.     0-:»25     . 

traces 

l^urc  steel   .     . 

.    uuaTo    . 

.      0500      . 

.     0125     . 

.    traces 

It  appears  from  tlicse  results  that  iu  the  cementation  the  iron,  in  combining 
with  the  ciirbon,  absorbs  at  the  same  time  a  great  quantity  of  silicium.  But 
the  presence  of  carbou  is  not  essential ;  for  pui*e  iron,  when  fused  in  a  clay 
cniciblc,  absorbs  cnougli  silicium  to  make  it  less  refractory.  The  iron  under 
tliis  circumstance  becomes  hard,  brittle,  and  steel  like. 

Sonicthncs  iron,  Mith  a  verj-  large  nuiouht  of  siUcium,  is  produced  under 
pecuUar  circumstances ;  but  it  cannot  be  regarded  as  cast-iron.  Plattner  and 
Jvai*stcn  examined  a  pig  of  iron  which  was  silver-white,  brittle,  hunellar; 
its  density  was  717;  it  became  j'ollow  by  exposure  to  the  air ;  and  contained 
H-87  per  cent,  of  silicium.  0-015  of  sulphur,  OlH  of  aliuuiuum,  IH'J  of  carbon, 
with  traces  of  copper  niul  iirscnic. 

M.  Boussiugault  found  in  malleable  iron,  when  melted  in  a  Hessian 
crucible,  more  tliitnO'54  per  cent,  of  silicium.  IIuAiiig  nuaJyzod  also  some  of 
Cloud's  slocl,  lio  found  it  composed  of: — 


Iron 

Sili<'ium 

Curbun 


OHO  (the siUca obtained wi 
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Tliis.  tlien,  is  a  sihceous  steel :  the  name  steel  cannot  be  withheld  from  it, 
inasmuch  as  it  possesses  the  characteristic  property,  namely,  that  of  hai*dcning 
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when  toinporotl.  Wo  iiiay,  tlierefore,  assume  with  ^l.  l>ousKm'^ftiiIt,  that 
BiliciTun  is  at  least  as  nccessai^  for  cunvci-ting  iron  into  stocl  as  carbon  is, 
flmee  it  docs  not  ai>peftr  t]iat  it  ever  exists  mitliout  Hilioiiun,  and  we  know 
ttat  it  mnr  exist  viUiont  carbon.  But  \ro  slioiild  not  lience  conclude  Uiat 
eaibon  is  of  no  use  in  steel.  It  is  possible  that  it  may  be  almost  ncccssaiyi 
canudered  ns  a  means  of  rendering  it  more  easily  worked ;  a  fact  wluch 
Rtpports  this  opinion  is,  tliat  all  tlie  stools  in  actual  use  arc  moi-e  or  less 
caibonized,  and  tliat  no  use  has  been  made  of  tliat  of  M.  Clonet.  But  an 
experienced  artizan  who  has  had  an  opportimity  of  comparing  the  two  kinds 
of  steel  can  alone  decide  this  point. 

boa  uUI  Bodliua. — Sodium  has  the  same  action  on  iron  as  potassium,  a 
■abject  we  have  treated  in  an  earlier  page. 

boa  sad  Tawtalwin,  oz  Oolumibinm. — It  appears  that  those  two  metals 
esn  combine.  According  to  Dr.  Thomi>son,  if  we  heat  to  a  high  temperature. 
in  a  small  crucible,  a  mixtnre  of  oxide  of  tantalum  and  iron-filings,  Uie  oxide 
becomes  reduced  to  a  metallic  state,  and  forms  an  alloy  witli  iron.  This 
sDoj  has  the  appearance  of  white  cast-iron,  hut  is  Avithont  a  crj-stolline 
textoze.  Itis  sufficiently  hard  to  scratch  glass.  Nitro-hydrochloric  acid  reodily 
dissolves  tlte  iron,  and  leaves  the  tantalum  ns  a  gray  powder.  According 
to  Beizelins,  iron  may  be  combincil  with  tanti^hnn,  by  heating  the  oxides 
mixed  with  charcoal  to  a  very  high  tempcniture.  Accoixling  to  M.  Bcrtliier, 
this  alloy  is  imperfectly  fused,  and  resembles  cast  iron.  Hydrochloric  acid 
also  decomposes  it ;  tlie  iron  is  dissolved,  and  the  tantalum  sopai-ates  as  a 
black  powder,  which  probably  contains  charcoal. 

IiQB  and  Tellvzlvau — Tlie  alloy  of  tliese  metals  occurs  native :  it  may 
also  be  obtained  artificially;  for,  according  to  Bcrzelius,  tcllnrinm  easily 
unites  with  metals,  and  forms  with  them  com|>ounds  analogous  to  tho  sul- 
phides ;  but  its  alloy  with  iron  has  not,  as  far  as  we  know,  been  yet  ex- 
amined. 

The  tellurido  of  iron  is  very  rare :  it  is  found  at  Foccbay,  near  Salathna, 
in  Trans3'lvaiiia.  accompanied  by  gold,  *&c..  in  small  veins,  in  an  cartli 
composed  of  schist  and  diorite.  It  is  found  in  fmo  grains,  or  in  small 
flattened  cr3rstals.  wliich  present  hexagonal  prisms.  bi*oad  on  one  side,  and 
terminated  by  annular  fricets.  It  is  either  coloured  like  tin  or  gray  steel,  and 
is  soft  and  fragile.  Its  specific  gravity  varies  froin  ^rl  to  Ott.  "M..  Klaproth 
found  in  it — 

Iron   . 0-07'20  \ 

Tellurium O'l»2o5   [l-OOOO 

Gold 0002-)  J 

It  eoBsequently  contains  more  than  five  atoms  of  tellurium  for  one  of  iron. 
Mr.  Sheppard  annoimces  that  ho  has  found  in  Guildford  Comity,  in  the 
United  States,  a  piece  of  tclluiido  of  iron  weighing  more  than  tliirty  pounds, 
and  presenting  ci^'stols  of  a  regular  octahedral  form ;  but  no  analysis  was 
made. 

and  Titaatna, — Tifatuum  has  very  Uttle  affinity  for  iron,  and  the 
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two  metAk  cannot  combing  except  und^r  nrti&ciiil  condxtious.  In  Geveiul  ez 
I  ijerimenU  made  by  Messrs.  Faraday  and  St^wiart,  thej-  tudeavoored  to  redin:e 
tUo  fcrric-titauate  wiUi  pulvemed  charcoal,  or  titanic  add  mised  \^ith  irou 
and  ckarcoal ;  but  the  l^xed  reguliifi  did  not  present  the  least  trac^  of  this  ^b- 
stajice,  uotrnthetandiug  the  extreme  heat  used  by  them.  In  some  eorlki 
experiments,  Messrs.  Yauquehn  and  HeuUt  hod  obtained  an  infasible  maia 
of  a  ckar  graji  fiprinkled  with  yeUow  metallic  specks,  ^hich  the j- regarded 
aa  n  cambinaliDn  of  irx>n  and  txtaniunt, 

HuwevDT  tliis  may  bo,  tlie  alloy  is  to  be  found  in  nature,  and  tlie  CGSSi- 
pounds  of  ihcse  two  metaLs  constitute  a  multitude  of  different  mint'talst iu 
wLieb  the  titanium  is  in  the  state  of  titanic  acid.  The  irou  is  found  also  ia 
swtne  in  Uie  form  of  protoxide ;  but  it  is  found  also  in  others  iu  the  form  o| 
peroxide;.  The  tiUuiiferous  ores  of  iron  exist  in  abuiidanL<«  ui  old  rocki 
fiud  volcmiic  rocks.  Those  minetals  are  of  a  mc<tallte  hhick,  approachiiij 
brown,  nljuiJ  they  contain  a  great  quantity  of  titanium  ;  their  fracture  ia  of  • 
blight  conehoidfll  form;  they  are  magnetic,  and  nearly  always  polar  when 
thoy  contain  ns  much  as  half  of  tljeir  weight  of  oxide  of  iron.  In  tlus  cs» 
Ihey  are  also  soluble  in  aqua  rtgia ;  but  when  they  contain  more  than  a  ball 
of  their  weij^ht  of  titanium,  they  ore  ordinarily  i>itliout  ma«jnetic  povicr,  and 
unallected  by  adds. 

Before  the  blowpipe,  Utonaiea  of  iron  arc  infusible  by  thcmselTea^  they 
dissolve  in  inicrocoijuiic  salt.  In  the  reducing  tiame,  the  glasa  is  neuiy 
colourless  when  hot;  but  on  coalings  becomcij  of  u  more  or  less  deep  re-vL 
^\'lJOll  tin  J3  introduced,  the  colour  due  to  llie  oitiile  of  iron  dtsappears,  an4 
there  i^  no  other  reaction  tliau  that  of  tJie  tituniimi.  In  this  ca&e,  if  t]]« 
tuctxil  he  in  considerable  quantity,  tlte  glass  ia  of  a  pure  blue  violet ;  If  in  veiy 
siniLll  quiuitity,  the  gliiss  is  culourle&s. 

M.  Berthier,  from  whom  we  borrow  these  details,  adds  tliat  the  rofiult  o{ 
ihe  principal  iinalyRes  of  titajiatea  of  iron,  lead  liimi  Ut  the  opinion  tliat  the 
l^iroloxide  of  ii"iin  and  tihinic  acid  are  found  combined  in  various  proportjuns 
iii  ntituro,  and  formtin  conaequence,  several  ilistinct  mineral Hj^ceies.  Titaniiim 
ii  fre*[acntly  found  in  the  north,  and  especially  in  Nonvay.  It  makes  iron 
oi*es  so  hard  bj  work,  that  iu  the  furnaces  at  Arendal,  ivhicb  ai-e  worked  by 
charcoal,  and  arc  nearly  forty  feet  high,  it  has  been  foimd  aometimea  im- 
possible  to  smelt  them  ;  and  those  containini^  it  in  lor^'e  qiiautitie^  are  tlirov^u 
Mslde.  Far  from  injming,  uideed,  the  quality  of  Uic  products,  it  increostfa 
both  tliuir  tenacity  and  hardness. 

M.  Hassenfrutz  made  an  experiment  in  T^hicU  he  replaced  titanium  vnth 
nitilc.  ivliich,  according  to  M.  Klaprotli,  is  its  oxide.  He  found  that  the 
iron  ircatt'd  by  this  substance  could  be  easily  forged^  Tiilhont  bt'ijig  either 
defective  in  textiu'e  or  brittle  >vheu  cold.  Titanium  rcquirca  for  reduction 
iind  fusion  a  much  higher  tt^mperaturo  than  is  ncccsaaj^'  for  iron.  It  is  fyr 
tliis  reusoUt  bhvb  JL  Karsten,  that  tho  oxide  of  titaujiini  rmiains  ahnual 
i/utirely  in  the  blag^  and  more  especially  Bincc  the  flfiiniiy  between  tlic  i^VQ 
mctala  appears  to  be  veni'"  feeble, 

In  blast  fiiraaces,  smaU  cubic  ciyBtnIaofaheantifuUopper  colour  are  often 
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L  I>r.  Wakhner  of  Fribourg,  In  Bxisgau,  lias  often  observed  tliem  in  the 
ting-faiiutces  of  Baden,  particularly  at  Kandem.  M.  Zinken  has  made 
igona  obserrations  while  examining  the  scoria  of  a  blast-furnace  at 
lesprong.  These  crj'stals  haye  suice  been  found  by  AVohler  to  be  not,  as 
supposed,  metallic  titanium,  but  a  compound  of  cyanide  and  nitride  of 
inm,  containing  eighteen  per  cent,  of  nitrogen  and  four  per  cent,  of  car- 
M.  Karsten  lias  also  found  the  same  class  of  crj'stals  in  tbo  scoria  of 
si  forges  in  Gennany.  Ho  mentions,  also,  that  M.  Grigon  had  already 
rlud  them  in  1 757»  but  they  were  then  token  to  be  iron  pyiitcs.  ^I.  Kar- 
haa  also  observed,  at  times,  little  globules  of  titanium  in  gray  pig  iron, 
of  of  its  small  affinity  for  iron.  He  says,  that  in  Uie  i*eiincry  opcratious, 
inm  is,  in  a  great  measure,  separated  from  iiou ;  nevertheless,  traces  are 
times  found  in  ductile  iron. 

Ithough  titanium  is  not  soluble  alone  in  acid,  it  dissolves  when  combined 
iron.    It  ought,  therefore,  to  be  looked  for  in  the  iluid  when  making  an 


Tungsten. — Iron  combines  witli  tungsten.  Tlie  Messrs.  D'El- 
rt  have  obtained  this  alloy  by  heating  to  the  proper  point,  in  a  crucible, 
ctore  of  lOU  parts  of  iron,  50  parts  of  tlie  yellow  oxide  of  tungsten,  and  a 
lient  quantity  of  charcoal.  After  fusion  and  cooling,  tliey  found  a  per- 
>ntton  of  a  brownish-white  colour,  hard,  rough  to  tlic  touch,  and  of  an 
fracture.  It  represented  l:)7  paits.  M.  Ilasscnfratz,  in  some  analogous 
[iments,  had  already  obtained  an  alloy  of  the  two  metals,  which  forged 
f  enough,  although  slightly  brittle ;  it  was  ductile,  cracked  in  tlie  temper- 
md  assumed  in  forging  pai-tially  a  fibrous,  i>artiully  a  granular  tcxtiuc. 
ATstcn  concludes  from  these  experiments,  that  tungsten  (m  tliis  respect 
ibling  titanimn)  only  increases  tlio  hardness  of  iron.  The  alloy  com- 
lof 

Iron 0(>.3        Oat. 

Tungsten 037         1  „ 

cording  to  M.  Bertluer,  of  a  whiter  gray  than  ii'ou,  shining,  hard,  more 
e  than  ordinary  cast-iron,  and  of  a  Inmollar  stnn'tiu*e. 
ran  and  Zinc. — The  possibility'  of  unitutg  llic  metals  was,  and  is  still,  a 
ct  of  doubt  and  dispute  among  chemists.  It  is,  indeed,  easy  to  undcr- 
l  that  two  bodies  would  not  readily  combine,  one  of  which  is  somewhat 
He  and  the  other  vcn'  refractory ;  3-c't  docs  this  alloy  occur  in  ccriiiin  iron 
and  calamines  which  nature  oilers  us.  According  to  M.  ITcnkcIu,  /inc 
ron  form  an  alloy,  hard,  sensible  to  the  magnet,  and  rcscinbliug  silver. 
he  docs  not  indicate  tlie  proportion  of  tlic  two  metals,  nor  the  luiumer  in 
ti  their  combination  is  cft'ected.  Mr.  Cramer  says,  that,  to  effect  tliis,  we 
bring  Uie  iron  to  a  red  heat  (u-itli  smuU  charcoal)  and  up  to  the  pomt  of 
0,  and  then  add  to  it  tli«  zinc.  But  Mr.  Crolls  denies  tlie  fact  of  the  corn- 
ion,  because  the  zinc  must,  according  to  him,  be  volatilized  by  the  high 
eratnre  of  the  iron.  M.  Binmann  is  of  the  same  opinion,  and  has  tried 
mbine  the  two  metals  by  the  reciprocal  reduction  of  their  oxidoa.     But, 
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according  to  Profeasora  Macqiw^r  and  LeonhartU,  Us  cxpenments  hnva  nol 
conducted  to  niiy  corUdii  resulta.  He  cibtaiiied,  no  doubl,  a  kind  of  iron  softtr 
and  shorter,  but  wlLIl  no  cortfliBlj  that  it  contained  zinc  Later  ^^  Giudia 
mftile  some  luiauceossfiil  attempts  to  »\loy  the  two  nietak  hy  fiisiou.  Yet.  &o  fur 
book  as  in  IT-l'-i,  M.  Miiluuin  uatisiicHl  himself  that  wo  can  ninke  a  sort  of  liu 
nitli  zinc--^i  fact  M*hioh  proves  the  posBibihtj^  of  a  comhinntiou  between  Uio 
two  tnetiils.  When  fl  bhide  of  thiu  iron  pLite  is  plunged  into  a:  t^oluliou  of 
3al-amnioniiic,  tlieu  uito  a  bntli  of  mtltetl  zinc,  and  wHhdi'awn  riipidly.  h  Uiin 
but  lu^ifonn  coaiin^  of  zinc  is  fuimd  atliiched^  It  '\vas  cous^ider&d  tlist  tlus 
variety  of  tin  was*  not  likely  to  be  ap^ihed  to  any  useful  pur^Kises  ;  but  undi;r 
the  name  of  giilvaiiiited  iron  U  ia  no^v  produced  in  large  qnaiiliti*s»  and  bas 
been  put  succcssfidly  to  &  prenl  vui-iety  of  purpfKea. 

Accordin^T  to  lh«  experiments  uf  M.  HulUnder,  a  whil*.  briltkt  mctallif 
masB  ia  obtiiiued  by  hentiji^  to  a  rod  heat,  for  some  tLiue,  a  nii:tUire  of  poundud 
pig  Iran  and  of  ^itinc  in  a  hcrtnctit^olly  closed  vessel.  Dr.  l^ewia  denies  the 
impossibility  of  off^^c^Liiig  this  alloy,  whicli,  ficcordinfj  to  his  expeiinients.  is 
hard,  atimewhat  nialkablo,  and  of  an  almost  silveiy  while. 

M.  Thenard  holds  tlxat  i;inc  cannot  unite  with  iron.  M.  Dnmas,  on  the 
contrary,  admits  Utc  corahimition  r  but  stija  it  cannot  be  cllectod  bat  by  meaxt^ 
of  some  veiy  nice  precautions.  If  we  lioat  llie  motala  to<;:ether,  the  adnc  vok- 
tilixca  at  a  white  heat,  and  pure  iron  reiuaius  ;  bul  at  a  moderate  teinperatme 
the  alloy  may  be  oHoetod.  According  to  him,  tlio  tcmpenitiire  at  tvhich  aiao 
fuses — a  dull  red  beat — is  tlie  best.  He  add:^,  lliat  /jhc  may  be  easily  ton- 
biucd  with  a  small  por-eeutajte  of  ij'on,  by  melting  it  iniLU  irou-iilin^,  Tlw 
zinc  of  commerce  cantaina  ordinarily  one  or  two  per  cent,  of  iron. 

AccordinR  to  M.  Boi  tliier,  who  has  mnde  many  vevy  int^^resting  experi* 
inent^  on  the  oUoys  of  zinc,  the  affinity'  of  this  metal  for  iron  is  Terj-  went. 
and  it  is  extremely  diflieuU  to  form  the  alloy  directly,  "Whea  iron-wire  is  cut 
up  in  amnll  pieces,  well  joiKcd  ivitli  grannljitod  zinc  in  excess,  and  heated  wiUi 
black  ilnx»  tliere  is  but  a  very  amall  quantity  of  alloy  deposited  at  the  bottira 
of  the  crucible ;  most  of  tlie  zinc  voUtilizcs,  even  when  the  operation  ia  oon- 
ducted  very  f>lowIy,  and  ilte  hent  carefully  regulated ;  and  tlic  kon-wtre  pr»- 
servea  tliroughont  its  polish  and  lustre.  But  the  alloy  which  is  so  diflicult 
to  prepare  in  our  laboratories,  is  to  be  found  but  too  £~equent]y  iu  tli<3  fnr* 
naccs  wliere  zinc  i^  auielted.  When  it  is  melted  in  cast-iron  pans  in  s(<]Mixnto 
the  oxides  and  impurities  with  which  it  is  mechanically  mixed  when  it  issiMS 
from  the  distilHuy  tubes,  it  pnulually  coiTodos  tiiem ;  and  some  time  after 
there  i-s  foutid  nt  tlie  bottom  of  the  pnua  an  alloy  which  cannot  be  used  iu 
the  arts,  mid  whieh  niuat  be  distilled  in  order  to  eitti-act  tlie  jtinc  in  a  purti 
state.  This  alloy  ia  formed  of  concentric  mainmifomi  hij^ers,  willi  a  shitiiu^ 
crystalline  texture.  It  ia  very  brittle,  veiy  haid,  and  less  fusible  tluui  ptirv* 
srinc  ;  it  dissolvea  easily  in  weak  uitric  acid,  ami  leaves  a  micaceous  metrdloiJ 
residue,  which  proves  H  to  bo  black-loAd — arising,  uo  doubt,  from  the  portion  of 
eaat-iron  dissolTed  by  tiie  a^iac.  Two  feme  alloj's,  one  from  the  great  worlifl 
at  Liege,  belonging  to  Mc^afs.  Mossclmaii,  the  other  fi'om  the  wotVs  near 
Gisora,  were  analysed  by  M.  Berthier : — ^ 
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Li^e.  Giaon. 

Iron      .     .     .     0-0500     .     .     .     0*0400 
Black-lead     .    00034    .    .    .    00020 


0-0524  0-0420 

I  alloys  remam  attached  to  the  bottom  of  the  pans,  and  do  not  dissolve 
I  remains  of  the  zinc ;  but  as  he  has  never  foimd  any  alloy  containiug 

than  005  of  iron,  although  the  corrosion  of  the  pans  continaes  in- 
tely,  it  is  obvioos  that  when  th^  alloy  has  arrived  at  a  certain  degree 
nntion,  it  transmits  a  portion  of  the  iron  which  it  contains,  to  the 

layers  of  zinc,  by  cementation,  and  that  the  portion  it  thus  aoandons 
in  replaced  from  the  sides  of  the  pans. 

r  gradually  heating  the  fermginons  alloy  produced  in  the  zinc  works, 
m  with  black  flux  in  covered  crucibles,  any  amount  of  zinc  may  be 
hted  by  volatilization,  and  any  required  alloy  of  iron  and  zinc  obtained. 

powerful  white  heat  completely  separates  the  two  metals,  without  the 
qwors  canying  with  them  any  of  the  iron,  or  the  iron  retaining  the 
•t  trace  of  zinc.  The  pig-iron  which  is  produced  from  calaminiferous 
as  never  presented,  according  to  M.  Berthier,  the  least  trace  of  zinc. 

Karsten  has  specially  directed  his  attention  to  the  action  which  iron 
Ino  reciprocally  exercise  on  each  other.  According  to  this  learned 
orgist,  it  is  not  to  be  doubted  that  zinc  combines  with  a  small  quantity 
X ;  we  scarcely  can  find  any,  he  says,  which  is  entirely  free  of  this 
metal,  even  when  taken  from  calamine  treated  in  a  distilling  apparatus. 
nsenee  of  the  iron  renders  it  harder  and  more  brittle.  Zinc  melted 
txnaoe  at  a  high  temperature  and  slowly  cooled,  absorbs  sometimes 
wo  to  three  per  cent,  of  iron  (a  proportion,  it  should  be  remarked, 

does  not  agree  to  M.  Berthier's  Tnaximnm  of  0'05  of  iron),  which 
i  it  BO  hard  that  it  may  be  pulverized.  Pure  iron  cannot,  according  to 
rsten,  reduce  the  oxides  of  zinc,  and  by  using  pig-iron  the  iron  is  partly 
L  The  reduced  zinc  escapes  in  vapours,  and  the  principal  portion  of 
le  unites  with  that  of  iron,  forming  bluish-black  scorin. 
Ibnn  an  accurate  opinion  of  the  influence  of  zinc  on  iron,  M.  Kars- 
de  some  experiments  on  a  large  scale  at  a  forge  in  Konigshiitte  (Silesia) , 
btfi-fdmace  fed  with  coke.  He  smelted  thirty-two  hundredweight  of 
ne,  containing  16  per  cent  of  zinc  and  31  per  cent,  of  iron,  and  which, 
oently,  were  too  poor  to  be  treated  for  zinc.    M.  Karsten  did  not  add 

iron  ore  any  flux  or  charge.  The  vapour  from  the  fdmace  issued  in 
ts ;  a  bluish-green  flame  rose  from  twelve  to  fifteen  feet  above  the 
g ;  the  mouth  of  the  tuyere  was  constantly  covered  by  a  crust  of  indu- 
nbctaace ;  but  by  diminishing  the  charge,  the  heat  was  raised  to  such 
M  thai  the  slags  (of  a  deep  blue  colour)  acquired  a  stone-hke  fracture, 
e  iron  issued  from  the  cmdble  impetuously,  and  at  first  presented  the 
snee  of  the  best  gray  |agiron ;  but  it  was  very  red,  and  cooled  so 
*  that  it  flowed  with  difficulty  into  the  pig-bed.  On  cooling,  the  upper 
I WM  found  covered  by  a  tolerably  thick  Croat  indicating  considerable 
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oxidation.  Itafraoture  was  granular,  bcOluuit,  snd  like  that  of  gnj  pi 
Taken  aa  a  whole,  it  waa  soft,  capable  of  beazing  the  hannner,  withont 
however,  very  tenaoioiis.  It  might  eaailj  be  divided  into  amall  fragm 
proof  of  the  amall  tenacity  existing  in  the  grannlar  atmctare.  In  m: 
it  gave  out  neither  flame  nor  odour. 

The  general  woiking  of  the  Aimace  waa  in  no  way  deranged  at  ^ 
the  presence  of  the  zinc ;  but  two  days  after  the  expeziments  had  bee 
duded,  a  large  quantity  of  vapour  waa  seen  eacaping  from  the  moot 
from  the  anterior  crucible ;  and  the  flame,  paztioulariy  at  the  tymp,  prei 
the  brilliancy  of  that  of  anc  in  the  act  of  combustion.  Veiy  soon,  and 
out  any  change  in  the  charge,  the  furnace  became,  to  a  great  extent*  o 
the  iron  white  and  rough,  the  slags  black  and  porous,  and  the  mouth 
tuyere  was  covered  with  indurated  snbstanoea.  Thia  lasted  five  da^ 
endangered  the  safety  of  the  furnace. 

The  iron  obtained  in  these  expeziments  waa  refined  in  the  for] 
Kreutzbourg.  It  fused  and  preserved  all  ita  characters.  Bed  and  re 
ably  liquid  scoria  formed  in  large  quantitiee;  the  flame  which  rose 
the  mass  was  white,  brilliant,  and  occasionally  of  a  bluish  oryellowiah  < 
After  fusion  had  been  eflected,  pains  were  taken  to  allow  the  scoria  to  o 
over  the  liquid  metaL  Small  jets  of  bluish-yellow  flame  were  then  a 
traverse  the  suzfoce  with  a  ala^t  munnuring  noise.  The  conversion 
crude  iron  into  malleable  iron  was  so  rapid,  that  the  mass  could  a 
turned  once.  A  veiy  small  quantity  of  soft  scoria  was  found,  and  the  iro 
tained  in  the  crucible  was  so  dry  that  it  was  necessary  to  throw  int 
large  mass  of  slag,  a  circumstance  quite  different  to  the  manner  in 
coke-smcIted  cast  iron  is  found  to  act  in  the  refinery. 

The  refining  operation  perfectly  succeeded.  'The  iron  was  soft;  it 
have  been  cut  with  a  hammer  if  the  iron  had  not  been  at  the  same  t 
extreme  tenacity ;  and  finally,  it  was  neither  hot-short  nor  brittle  whei 
A  very  small  trace  of  zinc  was  found  at  the  bottom ;  but  the  ductiL 
contained  none. 

Tlie  preceding  observations  suffice  to  dissipate  all  apprehensions 
any  injury  arising  from  the  presence  of  zinc  in  ores.  But  tliat  there 
be  no  doubt  left,  M.  Karstcn  made  some  refinery  experiments  by  add 
native  iron  a  certain  quantity  of  zinc,  either  in  the  metallic  state  or 
oxide.  The  iron  thus  obtained  was  of  an  excellent  quality,  but  on  an 
no  trace  of  zinc  could  be  found.  M.  lUnmann  also  is  of  the  opinion  thf 
ought  to  excite  no  epprehensiona  in  ironmasters. 

M.  Hassenfratz,  in  his  experiments,  obtained  results  somewhat  difl 
The  iron  was  readily  forged,  but  it  was  somewhat  red- short  and  brittle 
cold.  However  this  may  be,  M.  Karsten  was  not  led  by  his  experime 
attribute  to  zinc  any  injurious  action  upon  iron.  The  disturbance  i 
furnace  appeared  to  him  only  the  effect  of  the  extensive  evaporation,  i 
the  cooling  which  that  must  necessarily 'produce. 

Xvon  and  AltimliiTiin. — Iron  combines  with  aluminum,  and,  acc( 
to  M.  Karsten,  more  intimately  than  with  silidum.    Messrs.  Farada, 
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Blodut  obtained  on  alloy  of  iron  containing  0064  of  alumimun  and  some 
flubon,  l^  keeping  nnder  ftuion  during  a  very  considerable  time  a  mixture 
rfhif^y  carboretted  steel  with  alumina.  Tliia  alloy  was  wliite,  very  brittle, 
inUi  a  granular  textoxe.  Alumina  Bcema  to  be  more  injurious  to  tlio  quality 
of  iron  than  siliciam.  The  experiments  made  by  M.  Karsten  in  reference 
Id  ihe  refinery  operations  in  Upper  Silesia,  showed  that  tlie  addition  of  clay 
jrodnced  iron  of  a  more  than  ordinarily  brittle  quality. 

Tlie  mischieToaa  influence  attributed  by  M.  Karsten  to  aluminum  docs 
sot  iqipear,  however,  to  be  corroborated  by  tlie  experiments  of  Messrs.  Fara- 
day and  Stodazt,  who  concluded  that  aluminum  in  small  quantities  does  not 
nipsir  the  quality  of  iron,  and  that  it  appears  considerably  to  improve  tliat 
of  itoeL  This  statement  induced  M.  Karsten  to  repeat  his  experiments :  he 
•died  day  to  cast  iron  during  the  refinery,  and  re^wated  his  experiment  on  a 
IngBT  scale  three  times.  The  large  quantity  of  silicate  of  iron  formed  on  tlie 
haaith  in  consequence  of  this  addition,  delayed  the  operation;  but  the  quality 
of  die  product  did  not  appear  to  be  sensibly  altered. 

^e  analysiB  of  the  iron  thus  produced  showed  no  trace  of  aluminum  in 
tto  metal,  ^e  other  samples  of  wrought  iron,  steel,  or  cast  iron  analyzed 
hj  U.  Karsten,  presented  traces  of  aluminum  so  slight  as  not  to  admit  of  being 
tttimated ;  but  the  largest  amount  was  always  found  in  iron  which  was  brittle 
wlien  cold.  M.  Karsten  hence  maintains  his  opinion  that  aluminum  docs 
oeieiee  an  ii^urious  influence  on  the  tenacity  of  iron.  Messrs.  Stodart 
•id  Faraday  insist,  on  the  other  hand,  that  steel  and  forged  iron  do  not  act 
h  flie  same  manner  in  their  combinations  with  other  metals.  This  must  be 
admitted  to  be  true ;  and  it  may  happen  that  a  small  proportion  of  aluminum, 
i4neh  may  be  too  trifling  to  affect  the  quality  of  steel,  may  deteriorate  that 
of  inn. 

Hie  finges  of  Altinter-l'Ind,  near  Fichtclberg  in  Bavaria,  are  accnstomed 
tft  feline  the  castiron  made  in  the  blastfumaco  of  Konigshilttc,  near  Arzberg, 
on  the  fr(mtiers  of  Bohemia.  This  iron  is  partially  gray  and  partially  spcckle- 
oolonred.  It  is  obtained  by  treating  a  mixture  of  micaceous  oligistic  iion  and 
teown  hematite.  In  smelting  these  ores,  clay  is  used  as  a  flux ;  which  fact, 
■*'n*Hf"g  to  M.  Huber,  renders  it  probable  tliat  the  castiron  of  Konigs- 
hntte  contains  both  aluminum  and  silicium,  a  conjuuction  which  he  tliinks 
ridi  the  refinery  operation.  This  cast-iron  has  8l^vayB  yielded  ductile  iron, 
leeoliarly  fit  for  the  iabrication  of  sheetriron. 

Bat  it  remains  to  be  seen  if  a  careful  analysis  of  the  iron  would  reveal 
man  alnminum  than  M.  Karsten  found  in  the  specimens  examined  by  him. 
Dr.  Schafhantel  and  M.  Bohm  of  Munich,  have  introduced  clay  into  a  com- 
paction which  they  propose  for  tlie  purpose  of  improving  and  softening 
OMt-iron  in  the  re&aery  operation.  In  a  patent  whicli  tlie  former  gentle- 
man took  out  in  London  (May  13, 183.^)  for  his  method,  he  describes  it  as 
fiDQowB : — ^To  produce  malleable  iron,  we  take  1}  lb.  (857  grammes)  of  black 
oxide  of  manganese,  3)  lbs.  (1  k.  836)  of  muriate  of  soda,  and  10  oz.  (:100 
gmunes)  of  potter's  clay.  These  RubBtanoes  should  be  of  a  pure  quality. 
perfectiy  dry,  and  free  from  all  heterogeneous  intermixture ;  they  are  reduced 
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into  a  Sne  powder,  and  well  mixed.    In  &  puddling  fiimatte,  SOOlbs.  of  ii^ja 

ia  Kmflll  pigs  is  trpatvd  -BiiJi  the  cnstwmftrj'  quontity  of  ekg.  When  thB 
mfre«  is  in  fusion,  tha  register  of  th«  chiraner  is  lowered,  until  the  titfjne.  in  its 
pmaaa^re  over  the  hcurtJi,  is  boUi  elesJ-  and  trftnsparpiit.  ro  Uiftt  tiie  metul  uin; 
b€  seen  during  the  whule  of  tho  operation.  If  the  flame  tAkea  a  dull  yi^llo' 
colour^  the  oriiice  in  the  door  ni  the  hfarth  aliouM  be  opened  in  order  to 
increase  the  draufjlit.  Three  or  four  minutos  after  tht-  mass  ie  in  perfect 
fii^OD*  which  wiW  iJepend  on  the  greater  or  less  dninght  df  the  furnace, 
the  izietul  ab&uinofa  a  pasty  eonRisteiice ;  and  the  mixture  aboye  uuulioned, 
which  DTjfjihtto  have  been  kept  hot  and  dry  new  the  fam*iec,  w  then  added. 
It  ia  to  he  divided  into  twelve  parts,  each  weighing  half  a  pound,  and  intro- 
duced into  the  fumiiee  at  intei-vitls  of  »  minute  or  two  by  ntett&B  of  a  aniaiJ 
ejlindrical  f^iovel.  holding  about  half  &  pound.  Aa  soon  ua  the  first  portion 
is  throiiTi  uyou  the  nietiil,  it  ranst  be  incorporated  with  it  as  aoon  as  ptwi&ible 
by  t))e  h^^lp  of  a  largo  poker ;  the  msss  then  beeomes  more  liquid,  and  palo 
yelloTV  flames  proceed  from  ita  Burfnce;  t^o  miiiutos  hiter  the  next  portion  is 
thrown  in,  aud  so  on  with  the  rest.  After  the  third  or  fourth  addition.  Ihe 
ma^«  bubbles  up  in  conseqaeDce  of  the  di^ngAgetuetit  of  the  gas.  An  litis 
IB  i\ic  instnut  when  the  iron  in  aoparutc^d  fram  Its  impuritiea,  extreme  cme 
niuht  be  exeTL'ised.  The  ^wrc^^t  meuna  of  determining  the  time  for  the  intrtv 
dut'tioii  [)f  tlicBe  subBtancea  is  bj  obsen-ing  if  tiie  height  of  the  flami*  di* 
miiiinhes ;  for  this  diicrease  announces  that  the  effect  of  tie  preceding  porti 
16  c-TihauBted,  mid  Uiat  another  should  he  nddcd.  In  overp  case,  care  mui 
be  tflken  that  the  mam  does  not  becnme  too  conaifitent,  which  is  preven 
by  adding  snore  of  the  powder ;  hut  the  character  wliich  moEt  certainly  indi- 
caics  tluit  tlie  operation  is  oceomplLnhed.  in  (he  blue  culour  of  the  flajne. 
To  ohtAin  hard  iron  fit  far  etcel,  lltree  or  four  ahovelfula  of  tlie  siilintere 
and  waste  iron  left  by  the  tkttening  machmca,  and  three  ahoveUti1»  of  slitg, 
are  used ;  but  in  this  case  only  half  Hie  mangimese  hefi^re  reoommend^d  i> 
necessary. 

M.  Elie  de  Beaumont  tatw  this  process  in  use  in  Bcveral  Gstahli 
ments  in  Genuany,  By  Rome  it  ia  Teiy  highly  spoken  of;  by  otliers 
reaultfi  were  etdd  to  hare  been  far  from  satiBfectorj'.  It  haa  also  been  trie 
in  some  French  forges,  but  with  no  deciKive  result.  According  to  Di 
Thompson,  a  globule  of  iron,  melted  by  gulvanism  in  contact  witli  inoiateni 
alumiiia,  fonnB  an  alloy  Tvith  aluminum.  The  alloy  efferveacea  slightly  UU' 
voter,  becoming  covered  with  a  white  pmvder^ 

IvOA  aaA  AmWwtnpy- — Tljc  miion  of  iron  and  antimony  is  readily  elTi 
byfusion,  and  it  would  fieem  IhRtitmny  lake  place  in  all  proportions,     Th 
two  metalfl  hav^  a  great  affijiity  for  eaeli  other.     Tlitjir  aJloy^  are  much  mo: 
fiuiblfl  th«n  iron,  and  are  v  hite,  li Rrd,  and  very  bntcle.     Their  specific  in'ftvii; 
is  Jesa  than  the  mean  of  thflt  of  tJie  two  metals      According  to  T>r  Thom 
eon,  tliia  aJloy  may  be  obtained  by  fuaiiig  in  a  crucible  two  parts  of  snlph 
of  antiniouy  aiid  one  of  irun.     lliis  alloy  wna  formerly  culled   rrffviut  mm 
tialiM.    It  la  still  naed  in  medicine  for  the  preparntion  calk-d  "  ^tare^'  s&ffron.,' 
th«  "  aperient  antimony**  erf  Stalil, 
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The  magnetic  character  of  iron  is  much  more  diminifihed  by  its  alluy 
irilh  antimony  than  almost  any  of  the  other  metals.  The  iron  is  also  ren- 
dered more  hard,  much  more  fusible,  and  brittle  like  cast-iron.  Antimony,  ia 
Buting  with  iron,  becomes  harder  and  less  fusible.  M.  Karsten  made  some 
■^erimenta  on  this  subject  in  the  Kreutzbourg  forges  in  Upper  Silesia.  He 
added  to  the  cast-iron,  after  its  lique&ction,  one  per  cent,  of  antimony. 
Notwithstanding  its  volatility,  this  metal  exorcised  on  iron  a  worse  influence 
HiMMk  even  tin.  The  iron  became  very  brittle  at  all  t«mporatures.  These 
iwolta  agree  with  those  of  M.  Hassenfratz.  In  analyzing  this  iron,  twenty- 
ftiB0  per  cent  of  antimony  was  found. 

M.  KazBten  received  from  another  SUesian  establislunent,  specimens  of 
faon  TBzy  brittle  when  cold,  which  quality  was  attributed  to  tlie  presence  of 
ntimony.  By  analysis,  he  did  not  obtain  more  than  0*  114  of  antimony, 
together  with  a  trace  of  sulphur,  and  0*38  per  cent  of  phosphorus.  The 
brittleneas  of  the  iron,  in  his  opinion,  was  attributable  solely  to  this  small 
^untity  of  antimony. 

By  heating  antimony  in  excess  with  iron  at  a  high  temperature,  a  fusible 
iHoj  is  formed,  containing,  according  to  M.  Dumas,  one  atom  of  antimony 
ud  one  of  iron,  or  seventy  parts  of  antimony  and  thirty  of  iron.  This 
aDoy  ia  very  hard,  white,  and  feebly  magnetic.  AMien  the  quantity  of  iron 
ii  JnoTMBed,  the  alloy  becomes  still  harder,  presentiug  also  the  singular  cha- 
neter  of  giving  out  sparks  when  briskly  filed.  Hcaumur,  who  was  the  first 
to  diaeover  this  remarkable  &ct,  produced  his  alloy  witli  two  parts  of  iron  and 
one  of  antimony.  According  to  M.  Bertliier,  the  antimonide  containing  0*70& 
of  antimony,  or  one  atom  of  antimony,  for  one  atom  of  iron,  cannot  be  decern- 
poeed  by  the  most  intense  heat ;  but  the  antimonides  which  contain  a  larger 
proportion  of  antimony,  are  reduced  by  a  high  temperature  to  one  atom  of 
antimony  fi>r  one  atom  of  iron. 

If.  Hervd  made  some  experiments  in  1827  with  regard  to  the  union  of 
bon  and  antimony,  of  which  tlie  following  is  an  abstract : — To  try  if  antimony 
the  quality  of  effecting,  like  tin,  the  fusion  of  wrought-iron,  he 
it,  with  about  twenty  per  cent,  of  antimony,  to  a  liigh  temperature  in 
a  eovezed  cruoible.  But  the  iron  was  not  melted,  although  it  certainly  would 
have  been  melted  with  the  same  quantity  of  tin  under  the  same  circum- 
riHteee.  It  would  seem,  however,  that  a  certain  portion  of  the  antimony 
mnat  hare  nnited  with  the  iron,  for  on  taking  the  metal  out  of  the  crucible, 
it  gave  off  white  vapours,  arising  from  the  volatilization  of  antimony.  The 
■■lloeWlitj  of  the  iron  did  not  appear  to  suffer  much  from  tliis  operation. 
He  flien  made  three  attempts  to  alloy,  by  fusion,  cast-iron  with  antimony  in 
fte  fallowing  proportions : — 

100  parts  of  cast  iron  and  1  part  of  antimony 
100  „         „  and  2 

100         „         „         and  3 

The  aatimony  was  not  added  to  the  iron  until  after  the  latter  -n-ns  already 
n  A  state  of  foaion  in  the  crucible.    They  were  melted  in  separate  bars. 
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let  Bar.— ^Fnihcture  mxev^n,  Bttiat^il,  lameUftr:  a  ooufosed*  dirergent 
orystallLfiatioD  ;  gr&yish-\^'Mte ;  tolenvl^ly  biigtit.  Under  Iho  £Je,  steel  gn| 
«Dd  bnght;  utider  the  grinding- etonf^,  iroii^iifray  and  biiglit. 

2nd  Bar. — Fracture  tmeveii,  striated,  IttniellAr;  a  confiwed,  diTorgent 
OrystaUiKatLoii ;  grajiah-wlnte,  but  of  litUc  lustro,  Under  the  file,  grarish- 
whitCt  &ud  not  bright ;  under  the  gruiding-atone.  iron-gmy  and  sluning.  Tbis 
bar  waa  very  hard  and  brittle;  when  allowed  to  full  on  some  stone  stf-ps, 
it  bi'ciko  in  two,  although  it  measured  IT  ai^aar^  miliimetred  (about  ux 
iuches). 

;3rd  Bar. — Fracture  uneTcn,tam&llar  ^  cdn^iaed.  divergent  crystallL&atioD ; 
grayiah-wliite.  Under  tlie  file,  grnybh-wliite,  brilliant ;  under  the  gfiuding- 
EtonCt  a  little  darker  than  under  the  Sdv,  bnllionl.  This  bar,  which  had  tho 
same  dimensionB  as  iht:  preceding  aDe^  bruko  also  on  falling  firom  a  height  of 
three  foet  on  stone  atepa. 

It  geama  to  result  from  these  operations,  that  antiinonj  is  not  cntinlj 
Tokktilized  when  projeutod  into  c&st-iron  in  a  etate  of  fusiou  ,  but  that  a  yat- 
tion  romaius  combined  with  tlte  irou  In  oonaeciuence  of  its  affinity  for 
metaJ,  and  also  that  antimony  exercises  a  rery  tonsidei-able  intluence  on  the 
Gi^Stallization  of  iron  during  tlic  proc4->i^  of  cooling,  'We  see,  in  fuel,  that 
the  pn>|K)rtioii  of  cue  part  of  antimony  to  a  hundred  parts  of  iron,  ia  suffi- 
cient to  alter  the  fracture  of  cast-iron ;  and  that  it  remains  liie  same  until  the 
antimony  reELches  five  pt>r  cent.,  and  then  the  fracture  resembles  that  of  srino. 

XroiL  and  8UTex,.-^There  does  not  seDni  to  be  any  question  that  ihest 
metak  combine  ;  but  the  obaervations  of  chemita  with  njgnrd  to  their  allity, 
are  not  altogetli^r  concordant.     M.  Berthier  and  M.  Thcnanl  cauaider  ll 
the  alloy  cannot  be  produced;  but  that  iron  heated  'nith  silver  retainji 
certain  quantity  of  this  nietal.     M.  Bei^eliua  states  that  these  metata 
bine  rcndily  whi3n  melted  together,  and  that  they  eonnat  be  aeparated  by 
cnpellation  with  lead,  but  only  by  meana  of  acdda  or  by  fusion  with  borax  ur 
nitre. 

Wallerius  Btates  that  iron  combines  tnth  direr  by  fhaion,  ftnd  that  (b« 
alloy,  conaiBting  of  equal  parts  of  irou  GUid  BLlrer,  haa  the  colour  of  ailT*r* 
consdderablu  duudhty,  greater  hardneea  and  less  el&Btidty  than  aitver,  Thi* 
alloy  is  attracted  by  tho  magnet. 

Khunanu  states  that  silver  may  be  combined  with  one-hfth  of  iron,  witli- 
OJsi  hwng  ita  tenacity  and  malleabihty,  but  becoming  mnch  harder,  Thia 
alloy  IB  stated  to  be  apphcahle  to  the  mannfactnre  of  buckles,  froil- 
kniTGB*  &c.     AIncquer  and  Leouliardi  obtained  a  aimilar  alloy. 

Coulomb  aiatea  that  eUver  cunuot  retain  more  than  l-150tha  df  boo; 
Knd  On^ifin  Morvean  etatea  tliat  iron  cannot  retain  more  than  one- 
eightioth  of  sEvert  which  ia  said  to  communicate  to  it  remarkable  hardxiea&. 
and  a  very  fine  texture, 

Kara -en  found  that  by  the  addiQon  of  fifteen  per  cent  of  fine  silver  to  iron 
daring  the  refinery  operation,  the  quality  of  the  iron  was  aensibly  deCcrionUed : 
it  did  not  forge  well,  became  8aa]y,  the  bara  prefiented  cracks  at  the  ^dgeo, 
and  otharmae  resembled  hot  short  iron.    Analyses  abo^rod  that  it  contAhiad 
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Mff  cent  of  sihrer.  It  wooM  appear,  therefore,  that  ailyer  has  the  same 
loe  as  sulphur  upon  iron,  although  in  a  less  marked  degree. 
m  BBd  Anttale. — ^Theae  metals  may  be  combined  by  fusion  in  any 
tion.  When  the  amount  of  arsenic  is  huge,  the  magnetic  character  of 
n  disifpears.  The  alloy  of  these  metals  is  more  or  less  white,  hard, 
,  and  fusible,  aocording  to  the  amount  of  arsenic.  It  is  crystallizable, 
itofB  more  dense,  and  the  texture  closer  than  that  of  iron ;  according 
jurd,  simiiar  to  that  of  steeL 

Cadet  asserts  that  this  alloy  will  receive  a  brilliant  polish,  and  that 
s  of  jewallexy  are  made  from  it  Berzelius  says  that  100  parts  of  iron- 
heated  to  redness,  in  a  matrass  with  300  parts  of  arsenic,  retain 
ftiaenic  without  melting.  M.  Thenard  says  that  an  alloy  formed  of 
of  azsenic  and  2  parts  of  iron,  is  of  a  grayish- white  colour,  without  any 
on  the  magnetic  needle ;  very  brittle  ;  considerably  more  fusible  than 
It  absorbs  oxygen  gas  from  the  air  by  the  aid  of  heat,  and  becomes 
ted  into  volatile  oxide  of  arsenic  and  fixed  oxide  of  iron. 
is  alloy  is  obtained  by  heating  iron- filings  with  a  little  more  than  half 
i^t  of  powdered  arsenic  in  a  covered  crucible.  According  to  M. 
er,  a  true  arsenide  cannot  be  obtained  by  simply  heating  iron  with 
> ;  the  greater  part  of  the  arsenic  volatilizes  before  the  combination  can 
laoe.  No  better  result  u  obtained  with  a  mixture  of  arsenious  acid  and 
•1;  bat  by  gradually  heating  to  whiteness  100  parts  of  powdered 
^  scales,  50  of  arsenious  acid,  00  of  carbonate  of  soda,  and  30  of  starch, 
wnide  is  obtained ;  and  when  melted  a  second  time  with  arsenious  acid, 
«le  of  soda,  and  starch,  absorbs  25  of  arsenic.  Finally,  by  heating  the 
Ia  a  third  time  with  the  same  mixture,  it  still  absorbs  1&  of  arsenic ;  it 
I  aatnrsted,  and  it  contains  a  little  more  than  one  atom  of  arsenic  to 
r  iron.  This  arsenide  is  slightly  vesicular,  granular,  and  easily 
ixed. 

ooirding  to  M.  Berthier,  the  arsenide  of  iron  saturated  with  arsenic  is 
•ed<tf— 

Iron     ....     0-59     ....     100 
Arsenio    .    .    .    0*41     ....      00-89 

t  an  iron-gray  colour ;  vary  brittle,  with  a  lamellar  fracture,  presenting 
lad  very  ahining  scales ;  it  is  not  magnetic,  and  is  very  fusible.  When 
d  it  becomes  converted  into  a  sub-arseniate  of  peroxide  of  iron,  and 
;ages  arsenious  add.  It  is  not  acted  upon  by  sulphuric  or  muriatic 
:  is  easily  dissolved  by  nitric  acid,  and  nitro-hydrochloric  acid,  which 
rts  it  into  arsenate  of  peroxide. 

cording  to  the  experiments  of  Beigmann,  small  quantities  of  arsenic  do 
ader  iron  either  hot-short  or  cold-short.  Berzelius,  however,  is  not  of 
pinion :  he  thinks  a  very  small  quantity  will  make  iron  brittle  when 

M.  Berthier  states,  also,  that  a  very  small  quantity  of  arsenic  suffices 
lot  the  malleability  of  iron,  and  renders  it  britUe  when  cold.     According 

ezperimento  of  M.  Hassenfratz,  this  alloy  may  be  forged  extremely 
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weU,  bnt  it  cEuinot  be  welded  :  it  gare  out  &n  odour  of  gartio  while   l^fiug 
Itamm^red,  and  appearM  geuemllj  rather  hot-short  than  cold-short. 

In  the^xpcriments  of  M.  Karfitcn,  it  wa4  found  that  a  littLe  araeniOr  added 
tfl  iron  duritig  the  refuii^,  rctm-da  the  operation  to  aiich  a  degree*  thftt  it 
occupies  two  or  three  times  as  long  to  effect  it,  A  great  quontitj-  of  corrosive 
acoria»  with  a,  etrang  a3iuitj  io  tlie  iron,  is  pro^luc^,  which  occaaionjs  a  coa- 
aidemblo  loss;  &o  couaiderable,  indeed,  that  were  tlie  expeiinienta  coutiiiiied 
with  larger  proportions  of  arscnict  they  would  causo  the  oxidation  of  the 
whole  masa. 

Th€  iron  waa  oonsiderably  hurder,  presented  a  steellilte  character  when 
forged,  was  without  crack  or  flaw,  and  not  hot-shortp  but  its  etrength  wai 
di  mi  imbed,  Anal3'ais  did  not  indicate  a  trace  of  arsenic.  M,  Kar^teii  (tdds, 
that  the  iron  ia  dissolved  very  slowly  bj  acida  ;  a  fact  which^  in  his  opinioii, 
indieatea  a  change  in  the  quality  of  the  iron. 

M.  Laixipadiua  observes  that  at  the  for^a  at  Broitenhof,  in  Saxonj,  a 
very  rich  red  oiid©  ore  was  found  to  yi<^ld  iron  eo  hot-eliort,  that  it  could  not 
be  worked  ;  and  tliQ  pig-iron  was  found  to  contain  SD  per  cent,  of  oraeuie, 
Wbhler  found  arsenic  in  four  specitnena  of  pigiroti  from  diflferent  fnmaccs; 
uid  Schafhitutel  states,  that  even  the  best  Swedish  har^iron  contains  arsouic. 
the  Low  Moor  iron  stiil  more.  It  hi  said,  that  Lu  forging  Engliah  cast-steel 
the  odour  of  uraenic  is  frequently  recognizable.  Opinion  is  much  divided  aa 
to  the  mfluonce  of  arfiemc  upon  the  quality  of  cast-iron ;  generally  it  is  stud 
to  render  it  more  brittle  and  fusible. 

When  Algiers  became  a  Preuch  colony,  thore  was  found  among  the  ms- 
tcriola  contained  in  the  orHonalfl  of  C^auba  a  quantity  of  bombs  and  cftunon 
balls  tliat  could  not  be  employed  aa  they  Uien  stood ;  they  were,  Lher&foi^j 
imported  into  Fmnce,  to  b«  melted  and  cast  into  projt^ctLleB  of  other  oaHlva 
but  it  was  soon  discovered  that  nothing  could  be  done  with  them,  the  quality 
of  tlie  iron  being  so  bad.  M.  Bertliier  was  commiaaioned  to  examine  sejis- 
rately  the  bombs  and  balia  to  AScerUun  their  nature.  The  iron  of  the  bombi 
was  gravis h-whitot  very  brittle,  and  was  easily  ri^duced  to  a  Une  powder*  III 
apeeifio  gravity  waa  found  to  be  T-G&5.  The  iron  of  the  balla  wag  sdll  more 
brittle  than  that  of  the  bombs ;  with  a  little  c^*e  it  was  ea^  to  break  them 
acroes,  and  tlien  it  was  ob&erved  tliat  tliey  presented  a  firacture  vath  nj-s 
apringing  from  the  centre  and  ending  at  the  circumference .  These  balls  were 
craggy  acd  pitted  at  the  gurface,  and  nearly  always  oavemoua.  The  densiljf 
of  one  fragment  woe  found  to  be  7 'US. 

This  cast-iron,  accoTding  to  an  analysis  by  M.  BcrthieTt  contained  the  fol* 
lowing  proportions  of  araenio  and  carbon : — 


".I 


Bombfl. 

BalU. 

Arsenic     , 

,     ,     0-OHS     . 

,     0-370 

Carbon 

■    .    0015    . 

.     0010 

0-U3  0-280 

It  contained  neither  sulphur,  manganese,  copper,  nor  nUiciitm. 
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i  B«dfind  Conn^,  PeBiiiiylTailia,  anenietted  native  iron  is  found  com- 
oi 

Iron    ....    0*9744\ 
Arsenic    .    .    .    0*0156  [  0-9940 
Phunbago    .    .    0*0040 ) 

ontaining  neither  sulphur  nor  nickeL 

Ills  mineral  is  cijstaUine  and  composed  of  small  rhomboidal  prisms;  its 
r  Is  between  silTer-white  and  steel-gray.  It  cannot  easily  be  broken, 
lay  be  flattened  like  wronght-irou ;  the  fracture  is  craggy ;  the  metal  is 
id  as  steel ;  its  specific  gravity  is  7*887 ;  it  is  veiy  magnetic  and  polar. 
be  arsenide  of  iron  is  found  very  frequently  at  Beichenstein,  in  Silesia, 
eipentine  rock,  and  is  worked  for  the  arsenic.  The  crystals  are  of  the 
stio  system.  Klaproth  discovered  in  it  0*38  of  iron  and  062  of  azsenic ; 
10  xesolts  obtained  by  two  other  chemists  are  as  follow : — 


M.  Kanten. 

M.  Hofiman 

Jioa     .    . 

.     .    0*324     . 

.     .     0-281 

Arsenic 

.     .     0-6&9     . 

.     .     0*660 

Sulphur    . 

.     .     0017     . 

.     .     0020 

Gangue     . 

.     .    0000     . 

.     .     0-022 

1-000  0*983 

.  Earsten  says  that  it  contains  magnetic  pyrites,  which  can  be  separated 
•ns  of  the  magnet.  In  this  case  the  mineral  would  consist  of  2  atoms 
1  and  8  atoms  of  arsenic ;  but  M.  Hof&nan  concludes  from  his  analysis 
be  ore  of  ReJchenstein  is  arsenide  FeAs*.  mixed  with  0*0526  of  common 

B. 

lother  natural  combination  of  iron  and  arsenic  is  *'  mispickel,"  or  the 
o-snlphuret  of  iron.  This  ore  is  of  a  grayish-white  colour,  metallic,  with 
nilar  fracture.  Its  primitive  form  is  a  right  rhomboidal  prism ;  its 
io  gravity  5*6.  When  heated  alone  in  a  closed  tube  by  the  blowpipe, 
ded  at  first  a  red  sulphide  of  arsenic,  then  a  black  sublimate,  and  finally 
lie  arsenic.  The  residue  appeared  to  be  magnetic  pyrites.  Heated  on 
Md  by  the  blowpipe-flame  it  gives  off  a  thick  vapour  of  arsenic,  and 
btio  a  globule  presenting  the  appearance  of  magnetic  pyrites.  It  is  not 
ved  by  muriatic  acid.    It  contains,  according  to  M.  Berthier : — 

Iron      ....    0*335| 
Arsenic     .    .    .    0*405 1 1*000 
Sulphur    .    .    .    0*200  J 
Its  formula  is  FeAs'  +  FeSs. 

SB  wbA  Biemnth. — ^These  two  metals  appear  to  combine,  but  chemists 
r  no  means  agreed  on  this  point.  Berzelius  and  Thenard  say  that  bis- 
flombwfi  with  difi&onlty  with  iron ;  and  that  a  small  portion  of  inm 
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States,  this  ore  is  ibundin  luge  qwUities,  and  Sa  exported  tbenoe  to  Europe. 

It  contains — 

Oxide  of  chromium 0*516 

Peroxide  of  iron 0*37S 

Ali'Tninqwi 0*007 

Silica 0*020 

0-990 

According  to  M.  Karsten,  we  do  not  yet  know  the  infloenoe  which  amull 
quantity  of  cto}nie  exercises  upon  iron.  Hassenfratx  fonnd  that  iron  which 
contained  but  a  small  quantity,  could  be  easily  foiged,  althou^  it  was  a  little 
red-short;  but  it  was  not  brittle  when  cold.  Chromiferous  ores  are  rerj  ran: 
yet,  according  to  M.  Karsten,  chromium  is  fbund  in  oast-iron  as  often  as  tita- 
nium, but  it  would  seem  to  be  separated  in  refining  the  iron. 

According  to  the  analyses  of  Vauquelin,  made  upon  red-short  iron  oos- 
taining  0*6  per  cent  of  phosphorus  and  0*4  of  chromium,  it  seemed  credibll 
that  the  iron  owed  its  bad  quality  to  the  latter  metaL  But  M.  Berthier^s  mr 
periments,  described  above,  throw  much  light  on  the  nature  of  the  eompooads 
of  these  two  metals,  and  on  the  best  ntethods  ibr  obtaining  them  on  a  amalL 
scale. 

Iron  and  Cobalt* — ^Thcse  two  metals  combine  by  foaion ;  and,  according 
to  tlie  experiments  of  Brande  and  Bergmann,  cobalt  combines  with  iron  in 
all  proportions,  particularly  when  cobalt  preponderates.  Cobalt,  indeed, 
generally  contains  some  iron,  from  which  it  is  veiy  difficult  to  separate  it : 
and  the  alloy  is  said  to  be  very  hard,  and  to  be  as  ductile  as  iron.  Hence  it 
would  appear,  that  in  small  quantities  cobalt  cannot  be  ii^urious. 

Hassenfratz  confirms  in  many  particulars  the  results  obtained  by  other 
metallurgists.  His  experiments  show  that  iron  containing  cobalt  could  be 
both  forged  and  welded ;  and  although  a  little  brittle  when  hot,  it  was  not  bo 
when  cold.  M.  Garey  thinks,  however,  that  cobalt  makes  iron  brittle  when 
cold. 

According  to  Berzolius,  the  alloy  of  these  two  metals  is  hard  and  mag- 
netic ;  but  tlie  precise  influence  which  different  proportions  of  cobalt  exer- 
cise upon  the  ductility  of  iron  is  not  known.  M.  Berthier  says  that  th9 
alloys  of  these  two  metals  have  the  same  properties  as  pure  iron,  and  ar9 
whiter. 

Zzon  and  Goppev. — These  two  metals  appear  to  have  little  affinity  foi^ 
one  another ;  at  all  events,  it  is  very  difficult  to  unite  them  together  directly. 
The  refractory  nature  of  iron  is  in  general  an  obstacle ;  and  by  melting  these 
two  metals  together,  we  often  find  the  iron  mechanically  united  in  the  form  of 
grains  with  the  copper.  Their  alloy,  according  to  Berzelius,  is  gray,  brittle 
when  cold,  and  magnetic  even  when  it  does  not  contain  more  than  a  tenth  of 
iron ;  and  according  to  M.  Lohmann,  a  forty-eighth  part  of  iron  renders 
copper  magnetic. 

Wallerius  states  that  copper  alloyed  with  iron  becomes  gray,  brittle,  less 
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ftiable,  like  black  copper,  and  magnetic.  But  the  characters  depend  on  the 
piDportion,  and  more  or  less  intimate  combination  of  the  two  metals.  The 
maTimnm  of  copper  which  can  enter  into  alloy  with  iron,  and  the  iuflaeuce 
which  it  exercises  upon  the  latter,  are  still  undetermined.  Mr.  Mushet  states 
that  copper  unites  with  iron  in  a  greater  proportion,  as  the  latter  contains  less 
carbon :  so  that  it  would  be  impossible,  he  says,  to  obtain  an  alloy  of  these 
two  metals  by  melting  them  in  contact  with  charcoal.  But  by  tiding  vety 
particular  precautions  it  is  quite  possible  to  prepare  tliis  alloy. 

According  to  M.  Berther,  iron  and  copper  cannot  form  a  true  alloy ;  but 
iHien  the  two  metals  are  melted  together  at  a  high  temperature,  the  cast-iron 
retains  a  small  quantity  of  copper,  which  is  not  separated  when  the  iron  is 
refined.    This  agrees  with  the  results  obtained  by  M.  Karsten. 

Copper,  according  to  M.  Karsten,  may  combine  with  any  proportion  of 
iron.  It  is  well  known,  he  says,  that  copper  augments  the  tenacity  and  hard- 
ness of  iron.  Rinmann,  for  tiiis  reason,  thinks  that  it  would  make,  with  raw 
nst-iron,  an  excellent  alloy  for  making  anchors,  mortars,  anvils,  cylinders, 
ke.  200  parts  of  gray  cast-iron,  and  10  of  red  copper  in  thin  sliavings, 
immersed  in  linseed  oil,  and  submitted,  with  the  addition  of  charcoal,  to  a  very 
hot  ibrge  fize  during  twenty-five  minutes,  yield,  according  to  Rinmann,  a 
homogeneous  metallic  button,  composed  of  iron  194,  copper  6.  This  alloy  is 
very  hard ;  its  density  is  7'467.  Rinmann  recommends  it  for  anvils,  &c. 
His  experiments  show  that  200  parts  of  copper  and  10  of  gray  cast-iron 
treated  in  the  same  way,  yield  a  homogeneous  button  very  ductile  when  cold. 
With  16  parts  of  copper  and  1  of  raw  cast-iron,  Rinmann  obtained  a  ductile 
alloy  that  was  magnetic,  and  resisted  the  file  better  than  pure  copper ;  the 
fui&ce  and  the  fracture  were  of  a  fine  red  colour. 

Finally,  8  parts  of  copper  and  from  1  to  4  parts  of  iron,  gave  alloys  which 
were  harder  than  the  preceding,  but  not  perceptibly  more  brittle,  nor  less 
ooloored  than  copper.  Rinmann  asserts  in  his  HUtoire  du  Fer^  that  wrougbt- 
iron  is  rendered  red-short  by  the  presence  of  copper :  elsewhere  he  states  the 
oontjmiy.  According  to  Lavoisier,  iron  containing  copper  possesses  greater 
tenacity  than  any  other,  and  becomes  brittle  only  in  the  stages  between  a 
brown  red  and  deep  red  heat :  above  or  below  this  temperature  it  can  readily 
be  forged.  M.  Berthier  affirms,  in  like  manner,  that  iron  containing  copper 
poaseases  great  tenacity  when  cold,  but  that  it  is  brittle  when  hot,  and  can 
be  forged  only  when  above  a  reddish-white  heat,  or  below  a  cherry-red  heat. 
It  Is  probable,  he  says,  that  a  large  proportion  of  copper,  one  per  cent.,  for 
fyaamplft,  woold  give  the  cast-iron  additional  tenacity,  and  make  it  better 
fitted  to  be  employed  in  castings.  This  opinion  supports  that  of  M.  Rinmaim, 
already  mentioned. 

IrcHi  has  been  fonnd  in  some  copper  money  of  the  time  of  Constantino. 
-  Haasenfratz  found  that  the  alloy  of  these  metals  is  red-short,  and  brittle 
ivhen.  cold.  But  he  has  not  stated  the  proportions  of  the  alloy.  Most 
penons  employed  in  iron-forges  have  no  doubt  that  copper  makes  iron  red- 
ihort ;  that  a  small  portion  of  this  metal  detached  from  the  tuyeres  by  the 
of  the  smelters,  may  iiijure  the  quality  of  the  whole  product  of 
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the  operation :  or  that  a  piece  of  oopper  mooej  thrown  into  a  falast-ftiniaot  b 
enough  to  deteriorate  the  whole  of  the  iron  it  contain!. 

M.  Karsten  made  some  refinery  experiments  at  scane  of  the  Sileaian  forgeii 
hy  adding  in  the  first  place  to  cast-iron  05  per  cent  of  oopper.  The  flame 
thereupon  became  green,  during  the  whole  of  the  operation.  The  metal  wu 
very  good ;  the  iron  could  be  drawn  without  cracking,  and  bore  very  well  the 
teats  of  strength  ;  the  copper  did  not  seem  to  have  affected  its  tenacity,  either 
when  hot  or  when  cold.  Ete  recommenced  the  same  sort  of  experiment  with 
one  per  cent,  of  silver.  There  was  considerable  difficulty  in  working  the  metaL 
A  bar  heated  to  redness  and  immersed  in  water,  disengaged  a  bfaw 
coloured  flame.  Out  of  eight  bars,  six  stood  the  testa  of  strength ;  the  two 
others  broke  at  points  previously  fissured.  Analyms  showed  the  presenoe  of 
0'8H0  per  cent,  of  copper  in  the  sample  of  iron  just  spoken  of.  M.  Kanitm 
hence  infers  that  copper  does  not  produce  the  iigurious  e£Eect8  so  generaOj 
attributed  to  it.  He  admits,  however,  that  it  diminishea  the  tenacity  of  iroa 
more  even  than  phosphorus,  spedally  impairing  its  capability  of  being  welded. 
It  is  worthy  of  remark,  he  adds,  that  cupreous  iron,  everything  else  being  the 
same,  requires  six  times  more  time  to  dissolve  in  sulphuric  acid  and  in  aqua 
regis  than  iron  in  its  ordinary  condition.  M.  Stengel  infars  firom  these  expen- 
monts  that  it  is  to  copper  we  ought  to  attribute  the  delect  in  every  case  where 
iron  is  brittle  when  hot,  and  deficient  in  welding  capability. 

M.  Hervo  made  some  experiments  also,  in  1827,  to  form  an  alloy  of  cast- 
iron  and  copper,  but  met,  as  he  expected,  with  vciy  considerable  difficulties. 
Tlio  following  n*as  his  mode  of  procedure : — He  first  melted  100  parts  of 
cast-iron  in  a  crucible,  throwing  in  subsequently  1  parts  of  copper  sha^'ings. 
After  keeping  the  fused  mass  some  time  over  tlie  fire,  he  poured  it  into 
a  dry  clay  mould.  But  in  consequence  of  the  mould  being  damp,  or  from 
some  such  cause,  the  metal  boiled  with  considerable  violence  from  the 
moment  it  entered  the  mould,  and  some  portions  of  tlie  alloy  were  projected 
to  different  ports  of  tiie  room.  After  it  had  cooled  he  obtained  an  ingot  full 
of  blisters,  and  as  though  pierced  through  at  every  part  except  at  the  ex- 
tremities. Its  fracture  was  craggy,  lamellar,  granular,  with  large  blisters ;  at 
the  extremities  of  tiie  ingot  it  was  granular,  and  wanted  lustre.  The  coloui 
was  a  bluish-white  gray.  Under  the  file  it  was  of  a  grayish-wliite  colour, 
and  brilliant;  under  the  grinding-stone,  steel-gray  and  shining.  The 
ingot,  in  other  respects,  presented  no  characters  of  copper ;  but  the  residue 
found  at  the  bottom  of  tiie  crucible  was  very  cupreous.  There  must,  then, 
have  been  at  least  a  partial  separation  of  tiie  copper.  The  aspect  of  the 
fracture  of  the  ingot,  however,  would  indicate  that  a  small  portion  of  the 
copper  remained  in  combustion  with  the  cast-iron. 

No  one  has  yet  succeeded  in  giving  iron  a  covering  of  copper ;  or  in 
covering  it  with  a  layer  of  this  metal  by  the '  *  wet  method  *'  except  by  the  electro- 
depositing  process.  Veneering  and  incrustation  have  been  tried  with  more  suc- 
cess ;  but  these  operations,  indeed,  amount  to  no  more  than  the  lique£Eu:tion, 
by  means  of  borax,  of  the  copper  which  is  intended  to  fill  up  the  interstices 
made  in  the  iron.    The  alloy  of  these  two  metals  is  met  with  native ;  it  con- 
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tos,  in  a  gFBKt  meaaare,  what  ia  known  as  black  copper;  that  is,  unrefined 
er  extnoted  from  solphtiretted  ores  of  copper.  Thus,  the  copper  of  Bern 
uns,  according  to  M.  Berthier : — 

Copper 0-978 

Iron 0-020 

Sn^hnr 0  002 

1-000 
mmld  appear  to  be  black  copper  not  refined.    Very  often  it  contains  a 
li  greater  proportion  of  iron. 

L  Berthier  has  made  the  analysia  of  scoria  from  Tarions  woda  for 
tng  eoi^er,  and  he  has  foond  that  the  residne  of  the  refinery  of  Ferarian 
«r  was  oompomd  of— 

Copper 019 

Iron 0-81 

Sulphur atvoce 

1-00 
lie  "  matts "  obtained  by  smelting  roasted  copper  pyrites  contain,  ao- 
ing  to  M.  Berthier : — 

Copper .  0-270 

Iron 0-400 

Sulphur 0-250 

Earthy  matter 0-080 

1-000 
lie  very  rich  "matts  **  arising  from  the  fusion  of  the  preceding  "  matts  ** 
rin,  after  washing,  according  to  Berthier  :~^ 

Copper 0*660 

Iron 0080 

Sulphur 0-SlO 

Earthy  matter 0060 

1000 
i  mnltitnde  of  small  grains  of  metallic  copper  were  found  in  them. 
l!lio  "  matts  "  arising  from  the  fusion  of  cupreous  schist  also  contain  iron. 
ftUowing  is  their  composition  according  to  M.  Berthier : — 

Copper 0-586 

Iron  . 0-132 

Sulphur 0282 

Earthy  matter 0006 

0-0ft6 
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Tlie  '*  matts  "  arising  from  the  treatment  of  tfafl  preoedixig  "  natti  "  Oflfr 
taiu:-  - 

Copper 0-508 

Iron 0-1&8 

Sulphur r    •    -    ^'^^^ 

0-988 

Thej  are  obtained  as  thin  plates  of  a  metallio  black  eoloor,  wHh  a  OTt- 
talllne  fracture,  mixed  with  an  infinity  of  Tuy  muJl  oystalliDe  grain*  <tf  nd 
copper. 

There  exists  in  the  neighbourhood  of  Voltera,  at  Monte^JaatsB,  in  Tot- 
cany,  a  large  mine  in  which  variegated  copper  fivma  the  prine^al  an. 
It  is  very  compact,  with  unequal  fracture,  of  a  bronzed  eeiUm,  gr^f 
coloured  at  the  frnctures  while  fresh,  but  of  a  shining  bias  shade,  like  tiM 
breast  of  a  pigeon,  after  being  some  days  in  eontact  with  the  air.  It 
according  to  M.  Berthier,  of — 


Copper oara 

Iron 0068 

Sulphur 0-314 

Qangue 0040^ 


.0-094 


Which  corresponds  with — 

Sulphide  of  copper    .    .    0-887    .    .    8  at 
Proto-Bulphide  of  iron    .    0'113    .    .    8  „ 

M.  Gcrold  mentions  a  specimen  of  magnetic  iron  from  Mexico,  where  it 
occurs  in  considerable  beds,  and  which,  with  a  specific  gravity  of  4'9,  is  said 
to  be  very  rich  in  copper. 

M.  Stromeyer  found  copper  in  the  proportion  of  0001  to  0*003  in  all  the 
aerolites  he  examined. 

Iron  and  Tin. — According  to  M.  Dumas,  tin  enters  Into  alloy  with  iron 
in  all  proportions.  Heated  to  a  high  temperature  they  melt ;  but  at  a  mode- 
rate heat  a  separation  takes  place — a  species  of  liquation.  At  first  a  quan- 
tity of  pure  tin,  more  or  less  considerable,  is  melted ;  then  tin  alloyed  with 
iron ;  and  there  finally  remains  a  less  fusible  alloy,  consisting  of  tin  and  iron 
in  other  proportions,  the  iron  predominating.  This  operation  is  performed 
on  a  large  scale  to  purify  ferruginous  tin.  M.  Berthier  states  that  a  very  Bmall 
quantity  of  iron  is  sufficient  to  diminish  the  malleability  of  tin,  blendah  Hi 
white  colour,  and  render  it  hard.  The  very  smallest  trace  is  detected  by  tfas 
action  of  the  magnetic  needle. 

M.  Berthier  says  that  the  two  metals  enter  into  direct  alloy  when  th^r 
oxides  are  heated  with  cither  charcoal  or  black  flux. 

The  alloy  composed  of — 

Tin 0-351    ...    I  at. 

Iron    ......    0-649    .    .    .    4  „ 
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11  ol  a  clear  iron  gray  colour,  crTstaUine,  and  sufficiently  brittle  to  be  reduced 
with  ease  to  an  impalpable  powder. 

The  alloy  composed  of— 

Tin 0-50 

Iron 050 

is  of  a  grayisli-white  colour,  yery  brittle,  Tt-ith  a  granulated  fracture.  Ac- 
eoiding  to  Messrs.  Bergmann,  Karsten,  and  others,  by  melting  iron  with  tin, 
two  distinct  and  definite  alloys  are  always  obtained :  the  one  composed  of 
tl  parts  of  tin  and  1  of  iron ;  the  other  of  2  of  iron  and  1  of  tin.  The  first 
li  very  malleable  and  harder  than  tin,  without  being  so  brilliant ;  the  other 
IB  not  Terr  malleable,  and  too  hard  to  be  pared  with  the  knife. 

M.  Hasseniratz  has  also  succeeded  in  directly  combining  tin  with  wrouglit- 
inHL  He  finds  that  iron  impregnated  with  tin  cannot  be  forged,  and  that  it 
fiJls  to  pieces  under  the  hammer.  A  sheet  of  tin  placed  between  two  sheets 
of  plate-iron  produces  the  same  effect.  M.  Karsten  made  some  experiments 
iq>on  this  subject  in  Siberia.  They  show  that  one  per  cent,  of  tin  added  to 
cut-iron  renders  the  iron  extremely  brittle  when  cold ;  but  it  is  by  no  means 
nd-short,  and  can  easily  be  foiged  when  hot,  giving,  during  the  operation, 
liiite  vapours,  which  condense  upon  the  anvil  and  hammer. 

Hie  analysis  showed  only  010  per  cent,  of  tin  in  this  iron,  the  strength  of 
which,  however,  was  considerably  diminished.  The  same  quantity  of  phos- 
phorus  would  not  produce  any  sensible  effect  upon  tlie  qusJity  of  iron.  M. 
Karsten  hence  concludes  that  tin  is  more  prejudicial  in  iron  than  phosphorus. 
Cast-iron  containing  tin  has  a  texture  as  fine  as  steel ;  it  is  very  sonorous, 
win  receive  a  ver}*  beautiful  polish,  and  possesses  great  hardness  witliout 
breaking  so  easily  by  a  sudden  concussion,  and  without  rusting  so  readily  aa 
ordinary  cast-iron. 

M.  Rinmann  proposes  to  employ  it  for  several  kinds  of  ornaments,  for 
mirrors,  and  particularly  for  bells,  on  account  of  its  very  great  fusibility.  He 
also  found  that  all  the  alloys  of  iron  and  tin  tliat  he  had  examined,  blackened 
the  skin  and  linen  like  tin,  and  that  they  liad  also  the  same  peculiar  disagree- 
able odour  even  when  containing  only  a  very  small  proportion  of  tin.  Oxide 
(tf  tin,  melted  with  iron,  is  reduced  to  the  metallic  state. 

A^sording  to  Messrs.  Macquer  and  Leonhardi,  a  small  addition  of  iron 
gives  tin  a  beautiful  polish.  With  one  part  of  iron  and  two  of  tin,  a  ductile 
aUoj  is  obtained,  which  is  attracted  by  the  magnet,  and  has  a  dark  gray 
fraetnre.  The  proportion  of  two  and  a-half  per  cent,  of  iron  will  alone  suffice 
to  make  tin  magnetic.  By  mcltiug  together  equal  parts  of  tin  and  iron,  a 
white  brittle  mass  is  obtained,  of  a  density  which  is  unequal,  in  consequence 
of  some  iron  separating  during  the  cooling. 

Tin  is  a  powerful  solvent  of  iron :  20  parts  of  tin  suffice  to  fuse  100  parts 
of  iron-filings  at  a  temperature  which,  >\ithout  such  assistance,  would  have 
been  far  from  sufficient  to  produce  that  result.  M.  Hcr\'e  has  sometimes 
tucceedod  in  liquefyin;;  forged  iron  vdHi  only  ten  per  cent,  uf  tin.  The  first 
•Hoy  presented  the  following  characteristics : — Compact  fracture,  a  clear  gray 
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colour,  and  dull  surface ;  under  the  file  »  ateel-gnj  colour,  and  ahimug; 
under  the  grinding-stone,  tlie  same  colour.  Tliu  al^  waa  rerj  haxA  and 
brittie ;  it  wore  out  the  file.  Another  alloy,  formed  with  100  puto  of  efit- 
iron  and  1  part  of  tin,  presented  an  even  fracture,  slightly  granular ;  of  a 
clear  gray  colour,  and  dull ;  under  the  file,  of  a  grayish-white  shining  colour ; 
under  the  grinding- stone,  the  same  colour.  This  alloy  waa  equaUy  brittle  and 
hard. 

Tin  manifests  an  afi&nity  for  iron  at  the  temperatore  of  fiision.  It  tluB 
attaches  itself  to  the  surface  of  this  metal,  and  thus  ftunishes  an  exeeUent 
means  of  protecting  it  against  rust.    This  is  what  is  called  tinning. 

Sheet-iron  covered  with  tin  is  called  tin-plate,  and  serves  for  a  great 
number  of  purposes.  The  metals  form  a  true  alloy  at  the  surface,  with  a  layir 
of  pure  tin  over  it.  Tinned  iron  presents  the  same  appearance  aa  tin,  having 
boUi  its  colour  and  brilliancy.  It  preserves  the  latter  quality  in  the  air  better 
than  tin  itself,  because,  as  M.  Dumas  considers,  a  galvanio  action  is  kept  v^ 
between  the  two  metals,  tin  being  negative  in  relation  to  iron.  Bat,  fhr  the 
same  reason,  oxidation  takes  place  much  more  readily  wherever  there  is  the 
smallest  flaw  in  the  coating  of  tin,  for  the  galvanic  action  renders  the  iron 
more  susceptible  of  oxidation  than  in  the  natural  state.  "When  the  aheet' 
iron  is  very  thin,  it  is  quite  penetrated  by  the  tin,  and  becomea  white  at  the 
interior,  is  more  easy  to  cut,  and  more  malleable. 

Sheet-iron,  intended  for  tinning,  should  be  of  the  finest  quality,  and  care* 
fully  worked  by  hammering  and  rolling.  The  sheets  are  immersed  for  some 
minutes  in  very  dilute  hydrochloric  acid,  then  placed  in  an  oven  and  heated 
to  redness,  to  detach  the  scales  of  oxide.  It  is  then  a  second  time  flattened 
between  liard  cast-iron  rollci*s ;  again  immersed  for  twelve  hours  in  a  sonr  Ije, 
made  by  fermenting  bran  with  water;  then  in  water  acidulated  with  sulphuiic 
add,  and  agitated  for  about  on  hour  until  quite  bright.  AVhen  this  operatioB, 
which  is  called  **  pickling,"  is  completed,  the  plates  are  immersed  in  water, 
scoured  with  hemp  and  sand,  then  immersed  separately  in  melted  tallow,  and 
finally  in  melted  tin.  When  removed  fi-om  the  tin  bath  the  plates  are 
drained  upon  an  iron  grating,  and  the  superfluous  tin  removed  by  successiTe 
immersion  in  baths  of  pure  grain-tin,  grease,  and  again  in  pure  tin. 

Vessels  and  utensils  of  cast-iron  ore  tinned  by  cleansing  the  surface  of  the 
metal  with  dilute  hydrochloric  acid  or  chloride  of  tin,  and  are  then  coated  br 
rubbing  the  heated  vessels  with  tin,  or  by  immersing  them  in  a  bath  of 
the  melted  metal. 

The  tin  covering  tlie  plates  of  iron  presents  a  perfectly  smooth  and  bri^t 
appearance,  but  its  texture  is  nevertheless  cr^'stalline,  which  becomes  apparent 
when  the  outermost  layer  is  dissolved  by  a  weak  acid.  It  tlien  presents  a 
j  kind  of  watered  "moire  metallique  "  appearance,  which  is  often  very  beau- 
I  tifnl.  The  acid  and  liquid  used  for  this  purpose  consist  of  2  parts  of  hydio- 
'     chloric  acid,  1  part  of  nitric  acid,  and  3  parts  of  water. 

Tlie  watered  appearance  is  produced  by  the  unequal  action  of  the  acid 
{  upon  the  crystallized  portions  of  tlie  tin.  The  size  of  the  cr^-stals  depends 
i     much  upon  the  rapidity  with  which  the  tin  is  cooled.     The  cr^-stallizcd  6U^ 
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lid  be  inmifidiately  covered  with  a  transparent  vanuBh,  either 
or  otherwise. 

lloy  consisting  of  6  parts  of  tin  with  1  of  iron,  called  "Biberd's 
I  used  for  tinning  copper ;  its  density  is  7*247,  it  is  slightly  malleable 
d,  but  brittle  when  hot,  has  a  steel-gray  granular  texture,  and  may 
tth  sdssorfl ;  it  is  easily  obtained  by  melting  together  tin  and  clip- 
tin-plate.  It  is  said  to  give  a  more  durable  coating  of  tin  to  vessels, 
)t  so  readily  acted  upon  by  weak  adds.  M.  Thenard  suggests  for  the 
ipose  an  alloy  of  8  parts  of  tin  and  1  part  of  iron.  It  is  solid,  brittle, 
le  (dose  granular  texture ,  of  a  whitish-gray  colour,  fusible  a  little  below 
tl  It  is  obtained  by  heating  iron  and  tin  in  a  crucible,  and  covering 
Eire  with  pounded  glass. 

Ire  states  that  tinned  iron  applied  between  the  joints  of  wrought 
listened  in  the  first  place  with  a  strong  solution  of  sal  ammoniac, 
excellent  solder,  if  care  is  taken  to  avoid  too  strong  a  heat  daring 
ttion. 

\  tin  ores  are  melted  in  a  reverberatoiy  fomaoe,  ferruginous  tin  and 
w  always  produced,  which,  according  to  M.  Berthier,  contain  a  great 
dde  of  iron  and  a  certain  quantity  of  oxide  of  tin.  The  scorie,  when 
re-melted,  and  again  produce  ferrugiaous  tin.  This  is  submitted  to 
;  and  by  this  means  tin,  with  very  little  alloy,  is  obtained,  and  there 
an  the  hearth  of  the  furnace  an  alloy  containing  a  large  amount  of 

0«ppmr,  anA  Antinony. — ^According  to  M.  Achard,  antimony  detei^ 
e  combination  of  copper  with  wrought-iron :  equal  parts  of  antimony 
,  and  four  times  as  much  copper,  form  an  alloy  which  is  metallic,  of 
texture,  very  dense,  brittle,  white,  unchanged  by  the  air,  with  a  &ac- 
thsi  of  steel,  but  capable  of  being  easily  filed  and  cast  The  alloy 
three  metals  is  met  with  in  the  "rosette  copper  "  of  Hungary ;  it 
aooording  to  BI.  Berthier,  of — 

Copper 0*902 

Antimony 0007 

Iron 0001 

1000 
erre  tried  to  combine  these  three  metals  in  the  following  propois 

Wrought  iron  in  pieces  ....    100 

Copper 38-7 

Anthnony 10 

>bject  was  to  ascertain  if  antimony  was  a  good  agent  for  producing 
of  copper  with  iron ;  and  tlie  result  was  unfavourable  to  the  suppo> 
L  little  antimony  combinedwith  the  iron,  and  somewhat  more  with  tiie 
but  he  did  not  succeed  in  dissolving  the  pieces  of  wrought-iron,  and 
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they  w^re  taken  out  of  the  crucible  enveloped  in  a  crust  of  an  alloy  of  coppei 
with  antimony,  containing  probablj  a  email  proportion  of  iron.  He  found 
the  alloy  had  a  rough  fracture,  was  craggy,  granular,  porous,  grayish-white^ 
and  had  a  tolerable  lustre.  Under  the  file,  it  was  whitish-gray  and  bzilliant; 
under  the  grinding-stone,  steel  gray  and  brilliant. 

According  to  M.  Achard,  antimony  determines  the  combination  of  copper 
with  cast-iron  in  t)ie  highest  proportion.  M.  Herre  made  fire  expeximeotB 
to  alloy  these  three  metals  in  the  following  proportioDS : — 

Antimony.        Copper.       Baw  iron. 


1st  experiment    . 

.    0-65    . 

.    1-38    . 

.     0-66 

2nd        .,        .    . 

.     100    , 

.     2-02     . 

.     100 

3rd         „        .    . 

.    1-33    . 

.    2-66    . 

.    1-33 

4th         „        .    . 

.     1-42    . 

.     8-67     . 

.     1-42 

6th          „         .     . 

.    600    . 

.  26-24    . 

.    500 

The  ingots  obtained  presented  the  following  characteristics  :— 

}8t  EjTperiment — Fracture  rough ;  texture  granular  and  close,  of  a  daj^ 
aspect,  dull.  Under  the  file,  deep  steel-gray  colour  and  brilliant;  under 
the  grinding- stone,  grayish-white  colour,  tending  slightly  to  yellow,  brilliant 
The  ingot  presented  no  appearance  of  copper. 

ind  Experiment. — Fracture  rough,  striated,  lamellar;  of  a  bliiish  gray- 
white  colour ;  slightly  lustrous.  Under  the  file,  of  a  clear  steel-gray  colour, 
sliiiiing ;  under  the  grinding- stone,  the  same.  This  ingot  did  not  present 
any  appearance  of  copper. 

tird  Experiment. — Rough,  craggy  fracture,  striated,  radiated,  of  a  bluish 
gray- white  colour;  not  lustrous.  Under  the  tile,  grayish-wliite,  tending 
shglitly  to  yellow ;  lustrous.  No  appearance  of  copper  in  the  ingot,  which 
had  also  the  appearance  of  being  hard,  stiff,  and  brittle. 

4th  Experiment. — Rough  fracture,  granular,  not  close ;  of  a  blAckisli-graf 
dull  colour.  Under  tlie  file,  a  steel-gray  colour,  brilliant ;  under  tlie  grind- 
ing-stone,  a  deep  steel-Rray,  brilliant.    It  had  no  appearance  of  copper. 

bth  Experiment. — Rough  fructure,  granular,  bmiellar,  of  a  bluish  gray- 
white  colour  ;  not  lustrous.  Under  the  file,  iron-gray  colour,  moderately 
brilliant ;  under  tlio  grinding-stone,  steel  gray  colour,  brilhant.  The  frac- 
ture of  this  ingot  presented  also  a  small  nucleus,  of  a  reddish-wliite  colour, 
which  appeared  to  contain  more  copper  tliau  tlio  otlier  portion  of  the  ing'>t, 
with  the  exception  of  a  few  cupreous  patches  near  it. 

M.  rier\'e  infers  from  these  experiments  tlmt  antimony  is  a  very  good 
mediimi  for  alloying  copper  with  raw  iron,  and  more  effective  than  even  tin 
or  zinc.  It  is  clear,  in  fact,  from  tlie  fouilh  experiment,  that  1  '4*2  of  antimony 
sufficed  to  produce  the  eombinution  of  H  57  of  copper  with  100  of  cast-iron- 
The  results  of  the  fourtli  experiment  are  still  more  conclusive  ;  for  notwith- 
standing tlie  nucleus  and  tlie  cupreous  patches  which  tlie  fracture  of  the 
ingot  presented,  it  seems  that  tlie  greater  part  of  the  twenty-six  per  cent,  of 
copper  had  combined  with  the  mass  of  iron. 
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Jl  these  ingots  were  hard,  moderately  brittle ;  bat  that  in  the  fourth  ex- 
aent  was  less  so  than  others. 

ran,  Atsenie,  and  NlokeL — ^A  compound  of  those  three  metals  ocoura 
e  in  the  nickel  ore  called  kupfemickel,  oousisting,  according  to  M. 
neyer,  of — 

Nickel 0-442 

Iron 0*006 

Arsenic 0*548 

Sulphur 0*004 

1-000 

"he  pure  mineral  contains  0*5599  of  arsenic.  According  to  M.  Berthier, 
sating  the  arsenide  of  nickel  with  iron  in  any  proportions,  obtained  by  the 
rtion  of  the  arseniate  in  a  cmcible  lined  with  charcoal,  double  arsenides 
)btained,  which  are  homogeneous,  very  hard,  brittle,  and  of  a  grayish- 
I  oolonr  like  caat-iroiL 
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OHAFTERXVL 

OH  WBOUOHV-UIOM   IK   LifiOK   MA68KS. 

TuE  manofiactnre  of  vronght-iron  in  large  masses  cannot  boast  of  a  rerf 
early  origin.  Although  we  read  in  the  moat  ancient  of  B  ooks  that  Tubal  Cain. 
before  the  Flood,  was  an  instructor  of  every  artificer  in  brass  and  iron,  it 
would  doubtless  have  puzzled  even  that  great  founder  of  the  iron  trade,  had 
he  been  famished  with  an  order  to  make  the  large  masses  of  wronghtwn  r» 
quired  for  a  "  Great  Britain,"  "  Persia,"  "  Marlborough,"  or  "  Great  Eastern ' 
steam-ship ;  and  he  would  have  been  equally  at  a  loss  with  many  modeza 
craftsmen,  had  he  been  requested  to  forge  a  "  monster  gun,"  or  a  double- 
throw  crank-sliaft  for  engines  of  1000  horse-power.  Were  he  again  permitted 
to  visit  the  world,  the  mighty  machinery  at  work  on  every  hand  would  compel 
the  admission,  that  his  trade  had  made  great  strides  during  his  abaenoe. 
These  advances  in  the  manufacture  of  wiought-iron  in  large  masses  hare 
taken  place  almost  entirely  within  tlie  present  centuiy.  if  not,  indeed,  within 
the  last  tliirty  years.  Up  to  that  period,  tlie  improvements  upon  Tubal  Cain's 
(we  presume  original)  inventions  were  of  so  limited  a  nature,  that>  in  the 
year  1820,  the  manufacture  of  a  shaft — say  of  about  0  inches  diameter,  and 
weighing  15  or  30  cwt. — required  the  concentrated  exertions  of  a  large 
establishment,  and  was  considered  a  vast  triumph  if  successfully  accom- 
plished; whereas  we  are  now  accustomed  to  forgings  of  20  and  30  tons' 
weight,  as  matters  of  everyday  occurrence,  scarcely  exciting  the  slightest 
notice.  Nor  do  we  stop  oven  here :  much  larger  masses  will  no  doubt,  ere 
long,  be  manufactured  for  the  construction  of  iron  ships,  which  in  futore 
years,  owing  to  the  increased  size  and  strength  of  tlie  plates,  will  be  built 
upon  a  scale  tliat  would  but  recently  havo  been  deemed  fabulous.  This  con- 
sideration, combined  witli  the  requirements  of  rapid  communication,  which 
demand  more  colossal  engines,  call  for  renewed  energy  in  conducting  this 
I     important  manufacture. 

j  It  may,  perhaps,  net  be  out  of  place  to  mention  here,  as  a  fact  having 

I     few  parallels  in  other  houiches  of  tlie  industrial  arts,  that,  almost  without 
I     exception,  all  tlie  improvements  that  have  latterly  crowded  upon  each  other 
in  this  trade  have  originated  witli  tlie  "  hammermen"  or  workmen  them- 
selves, and  havo  been  worked  without  even  the  protection  of  an  exclosiva 
patent-right. 

Our  subject  naturally  divides  itself  into  two  cliief  heads,  viz.  the  mate- 
rials of  which  forgings  arc  made,  and  the  tools  with  which  the  manufacture 
is  accomplished.    We  purpose  treating  of  the  latter  first. 

Baaeslptlon  of  Forge-toola. — A  forge  has  necessarily  three  principal 
divisions,  viz.  the  furnace,  tlio  crane,  and  the  hammer ;  and  they  compose  tfad 
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f  fixtures.  The  famaoe  [Fig.  1)  1^,  iu  tlui^  cauiktrj', 
le  ordinftiy  Mverbemting  deacriptioti,  strongly  bound 
ther  with  plates  and  biiidera  of  iron,  of  a  propor- 
oto  size  to  the  description  of  work  intended  to  be 
bnned.  A  veiy  grea,t  deal  more  depends  upon  tha 
mce  than  might  he  snppoaed  by  those  wlio  are  not 
oo^lilj  conT^Tsaiit  with  the  practical  working  of  one. 
iations  in  tli^  abghtest  detail  in  their  roDBtruction  or 
Icing  are  follow^^d  by  such  pre&t  diflferoiidce  in  the 
Its,  tbttjeven  a  good  Eind  experienced  funuceman,  if 

0  manage  a  EtraDge  furnace,  will  find  some  diiUciLJ^ 

1  2m  has  made  himself  thoroiaghly  acquainted  ^itli 
«eaUariti^. 

Ae  seltKtion  of  a  proper  descriptioa  of  6re-hriclc 

which  to  construct  the  furnace  ia  a  matter  of  con- 
JtJoia  importance.  Without  SLttempting  to  enter  into 
nezits  of  diHbrent  fire-bhchs,  we  would  obson  e  that 
jnestion  of  expense  is  iiifinitesiinal  ^-heu  compared 

the  conaequcncea  of-iuiuig  cheap  and  iixferior  bhcks, 
h  would  be  costly  at  the  lowest  price, 

the  great  wear  and  tear  upon  them,  and 

the  aonoysjicfl  imd  lotia  claused  by  the 
Hrepcated  stopp&n'i?s  for  rcpairt^.  It  is, 
ifore,  the  wisof«t  aud  best  twoaomy  al- 
i  to  use  Hie  very  beat  tirfi-bricks  that 


^r 


U     f 


riff.  1. 
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money  can  proctire.   In  some  CA&es  wbere  large  worlc  ia  intended  to  lie  mad 
a  fumfic^,  with  a  grate  at  eack  end,  luid  liaiiug  tlie  stnck  or  cliiizuie}' 
the  centaijej  haa  been  trlej ;  but,  as  it  has  not  been  geneinll^'  introduced^  w 
presume  it  possesses  few,  if  anj,  advantages  over  tbe  ordinary  fumace.    In 
fact,  for  the  largest  forgingi)  that  bave  ever  been  made,  fumfices  willi  aiiigltf 
gratcB  have  pruved  successful,  where   douhlegiuted  furnaces  huve  fuled* 
Tlie  dk«tt:h  we  have  given  in  Fig.  1  ia  n  fumaoe  such  as  ia  generally  u»eiij 
and  which  i»  fuitnd  very  effective  for  the  piirpoaes  reqnired,  v 

In  Amenea,  whore  tlie  cliiof  fut'I  is  anthracite  conl,  funmcea  with  cloi6d  I 
ftah'piCa,  and  blown  with  a  fim,  are  used,  and  which,  we  are  given  to  ander  f 
Stand,  answer  very  well.  | 

Mr,  Mallet,  in  his  work  on  the  "  Constrnction  of  Artillery/'  pa^  lU. 
states,  thnf  at  leiiy;tli  tltc  limit  is  found  when  witli  our  preaent  known  mvd{:5 
j^of  working  wrougUi  iron  {even  wiCli  Uie  heftvie«l  and  best  npphances)  we  cwi 

longer  add  to  its  eize.  The  Himt  is  reiLcUed  by  the  failure  of  power  to  he<it 
le  mass,  or  the  requirod  part  of  it.  to  the  welding  heat.  The  time  rotjuired 
for  the  piece  to  remain  in  tl^e  furriaoe  to  effect  thi&,  coutinnoUy  incieaiiefi  u 
iU  bulk  gi'ows,  and  with  it  tlie  sources  thiough  which  heat  ifl  J^at  and  disii- 
pated ;  but  a  cortuin  proportion  of  iron  ia  burned  aTx&y,  or  melted  froxn  the 
surface  at  tlie  port,  requiriny  to  be  brought  to  we!»iiug,,as  equals  the  wetglituf 
the  '  alab'  or  mass  laid  eu,  and  the  labour  is  then  in  vain :  the  woili,  hke  (httt 
of  the  emhroidery  of  Penelopo,  becomes  an  endless  task,  aad  Uie  Limit  hu 
been  reached  beyond  which  the  piece  can  be  forged  no  bigger.  The  point  nt 
which  Una  limit  LS  reriched  can  be  stret'Ched  a  good  deal  by  the  extrmne  skdl 
of  the  operative  forgoman,  and  the  skilful  canstructiou  of  his  furnace  ;  but, 
however  great  thoae  may  he,  tlie  limit  is  st  length  reached  byaU;  and,  with  our 
^xistrng  tools,  in  Great  IhiUdu  i^  probably  reached  in  every  case  at  a  diameter 
(of  a  eyUndricnl  mass)  of  about  four  (ect,  and  about  twentpr  f^^t  in  len^fth." 

There  h  considerable  trutli  and  force  in  these  obser^'fttiotja  as  applied  ta 
existing  machinery  ;  but  tlie  pantgraph  nmcm^  to  convoy  the  impression  thit 
we  are  not  expected  to  exceed  Uie  limits  laid  down  by  ^Ir.  Mallet.  We  should 
be  Bony  to  endorse  tliis  opinion,  or  to  believe  that  we  liave  even  approiiched 
the  maximum  fiiite  in  our  forgings,  having  go  frequently  and  so  recently  se^ft 
that  which  im  in  one  year  deemed  inipraclicable  in  tlio  raanufacture  of  forg- 
ings,  accompliflhed  n'iih  tlie  utmoFjt  ea^e  tn  the  succeeding  one  ',  wlule  the 
necessary  requirements  of  tliat  year  are  again  followed  b3'  atill  furtliwr  im- 
proveu]enttf>  even  where  invention  and  mechanical  skill  bad  appar^ntlj 
reached  their  highest  dtweb^pment  And  so  it  will  continue  to  tlia  end  of 
the  chapter.  AVe  inighl  na  wbU  attempt  to  obatnict  the  progress  of  the  ergi- 
aeer,  and  say  to  liim.  "  Thus  far  canHt  thou  go,  hut  no  ferther/'  as  attempt 
to  limit  the  sizus  to  which  fori^no^a  tuay  \w  luttJe  In  future  years.  If  larger 
forgingfl  ai'o  required,  and  niyiit^v  is  forthcoming  to  pay  (he  ooet  of  their 
manufacture,  the  work  will  not  stand  still  for  the  want  of  workmon  1x) 
niidurLiLke  it.  or  luncliinery  wherewiUi  to  JiondJe  it,  however  large  it  may  b«- 
Tho  only  reid  rilHta<'^  to  tJie  production  of  forgingB  of  larger  sice  is  liir-ccst; 
the  bugbear  set  up  in  the  uhuve  extract,  that  more  iron  ia  wofit^d  tba^ 
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ng  bat  aaother  mode  of  accounting  for  inexperience  and  bad 

rhe  crane  is  a  veiy  nsefol  anxHiary  in  the  working  of  tbe  forge . 
id  it  wonld  be  impossible  to  fabricate  those  large  masses  of  iron, 
ily  mano&cture  of  which  has  ceased  to  excite  surprise  at  their 

I  (Fig.  2),  as  is  well  known,  is  composed,  first  of  a  strong  np- 

idependently 

A  foundation 

d,  or  depen- 

vails  or  roof 

next,  of  the 
led*' cheeks/' 
7Bi"  to  which 

a  winch  of 
traction;  and 
r  of  blocks, 
I   leading  to 

It  is  neces- 
)!ocks  should 
rorking  back- 
ward on  the 
h  is  techni- 
racking  out," 

the  fact  that  F^-2. 

)imon-wheel  are  generally  employed  to  effect  the  object  The 
BO  be  so  placed  that  the  centre  is  exactly  equidistant  from  the 
furnace-door  and  the  centre  of  the  anvil,  its  use  being  to  swing 
rom  the  furnace  to  the  anvil,  and  vice  versa. 
ive  generally  been  made  of  wood,  although  very  few  sorts  of 
ible  of  resisting  the  great  heat  to  which  cranes  for  forging  are 
^tliers,  however,  have  lately  been  made  of  iron,  or  of  a  mix- 
ind  wood.    Cast-iron,  being  comparatively  brittle,  is  decidedly 

and  unsafe,  in  consequence  of  Uie  great  weight  they  have  to 

excessive  jar  of  the  forge-hammer.    There  is  less  objection  to 

which  if  rightly  proportioned,  is  we  believe,  the  best  material 

for  the  purpose. 

Bamnexs. — We 

now  come  to  what  is, 

T|  I  Iff    r4]  -,    ]|>      perhaps,  the  most  im- 


portent,  or,  at  any  rate, 

what  is  considered  the 

'most  important,  tool 

'^'''  in  the  forge,  viz. the 

1  we  purpose  giving  a  slight  description  of  the  various  sorts  in 

»ent  time,  including  the  beautiful  direct-acting  tool  known  as 
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the  Nasmyth  or  Bteam-hammer.    We  are  niuible,  in  the  limitB  of  this  waAf 

to  consider  the  merits,  or  give  any  description  of  tlie  various  impnyremenb 
that  have  been  attempted  on  the  original  Bteam-hammer ;  some  of  them  being 
confined  to  matters  of  detail,  while  others  introdnoe  defiscta  bo  palpaUe,  that 
we  gladly  retnm  to  the  original  Nasmyth. 

The  most  ancient  form  of  forge-hammer  was  probably  that  teehnkaOif 
called  the  **  tennan^helve  "  Fig.  3,  known  in  France  as  the  *'  Martean  frontal," 
from  its  being  lifted  at  the  front  end.  This  liammer  is  a  heavy  mass  of  eai^ 
iron,  whicli  was  lifted  by  projecting  arms,  fixed  in  a  ring  of  iron,  called  ifal 
"  cam-ring,"  falling  through  a  certain  space  by  its  own  gravity.  The  piveli 
behind,  on  wliich  it  rcatcdf  were  of  a 
curved  form,  to  allow  its  being  easily 
worked.  Iliis  was.  and  still  is  in 
many  works,  a  vciy  effective  tool,  per- 
forming its  work  witli  regularity,  and 
seldom  getting  out  of  order. 

The  "  tennant-helves  "  being  found 
inconvenient  for  certain  descriptions 
of  work,  the  "  tilt-hammer  "*  Fig.  4,  was  introduced. 


llff.4. 


Instead  of  being  raised 

at  the  front  end,  this  hammer  is  depressed  by  a  similar  "  cam-iing"  bom 

a  part  projecting  behind.  It  is  composed  of  wood  and  iron,  the  shank 
being  of  gnod  tough  oak,  wedged  into  a  ring  in  which  it  works;  the 
hammcr-liend  being  also  wedged  on  to  tlie  shank.  Tlie  shank  is  surmounted 
by  a  beam  of  wood,  which,  acting  as  a  powerful  spring,  gives  greater  force 
and  rapidity  to  tlie  blow.  This  form  of  hammer  was  peculiarly  adapted  to 
the  "  tilting  "  of  tlie  difTerent  sorts  of  steel. 

Another  improvement  on  the  original  "  tennaut-helve,"  was  to  lift  the 

helve  between  the  head  of  the  hammer 
and  tlio  pivots  on  which  it  worked  (Fig. 
6),  an  advantage  being  thus  given  to  the 
hammerman,  which  the  tilt  also  pos- 
sesses, by  enabling  him  to  go  all  ronnd 
the  end  of  his  liammcr.  But  the  last 
and  greatest  improvement  was  that 
known  to  tlie  trade  as  the  *' belly- 
helve  "  Fig.  6 ;  a  not  very  enphonioos 
Vig,  0.  name,    but   one   which,    indicates   the 

nature  of  the  tool.    It  was  lifted,  as  its  name  indicates,  under  the  bottom 
part    of    the    helve,  by 
means  of  a"  bray, 


which 
could  be  len^^thened  or 
ehortcnod  according  to 
the  size  of  the  "  piece  "  to 
be  acted  upon.  With 
some  of  the  largest  size  a 
very  effeoLual  blow  is  struck  with  a  piece  of  iron  of  from  3  feet  to  4  feet  in 


Fitf.  ». 


MASUTTHS  STEAM-HAMMSit. 


815 


r — the  "helve"  being  raised,  and  the  "bray"  being  lengthened  in 
:oa.  This  hammer  alao  permits  tlie  hammerman  to  go  completely 
tiie  hammer,  to  inspect  the  work  under  operation.  For  plain 
r  work  it  xa  not  surpassed  in  efficiency,  even  by  the  direct-acting 
Bunmer.  It  is  of  very  great  importance  that  the  foundation  be  per- 
na,  and  cfi^able  of  resisting  the  force  of  the  blows  to  which  it  is 
d.  The  most  usual  way  of  securing  this  eud,  is  by  placing  under 
1- block— which  of  itself  is  a  very  massive  casting,  wei^iing,  with  the 
a  which  it  rests,  from  twelve  to  fifteen  tons^a  considerable  mass  of 

carefully 
and  fitted 
M.  This 
on  must  be 
secured, 
m  the  anvil- 
Teiy  firm, 
erablepor- 
te  blow  will 
pated,  and 
Ipat 

ome,  lastly, 
rth's  steam- 
Fig.  7,  a 
oh  has  de- 
oome  into 
oeral  use. 
I  many  of 
7  largest 
have  been 
r  the  old- 
I  helves, 
irtfae  "belly- 
above    de- 

nevertheless,  the  invention  has  been  of  immense  importance, 
to  the  forge-masters,  but  in  many  other  branches  of  manufacture, 
m-hammer,  like  other  great  Inventions,  has  its  faults  as  well  as  its 
The  first  great  merit  of  the  steam-hammer  is,  that  it  is  a  simple 
!ing  machine,  dispensing  with  much  of  the  cumbrous  wheel-work 
with  the  old  helves.  It  takes  up  little  room,  and  requirea  no 
**  as  the  attendant  workman  is  called,  who  attends  to  the  hammer, 
enoe  of  the  "  gagger  "  we  object  to,  not  so  much  on  account  of  the  ex- 
hlofa  is  partly  counterbalanced,  in  the  case  of  the  steam-hammer, 
ecessity  of  employing  an  engineer ;  but  on  account  of  the  almost 
ble  torture  from  heat  which  the  **  gagger"  has  to  endure :  for  if  the 
not  inserted  and  the  hammer  stopped  at  the  critical  moment,  a 
piece  of  work  may  be  damaged.    Another  of  the  excellences  of  the 
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Bt«aia-hammi^  !&,  thnt  the  blow  con  be  varied  according  to  the  size  <xf  tha 
"pi«M"  under  operntion,  and  the  forc«  of  the  blow  required.  This  is  no!, 
practically,  such  a  great  advantage  &3  might  at  first  appear;  but  in  em&U 
works  it  is  of  coueideral^le  iiDportnuce,  We  would,  however^  ourAchM 
rather  see  the  dllferaut  fdzea  &nd  classes  of  wark  effected  tiitder  dltf^i 
sized  hamiaers— nith  hammers  perfectly  proportioned  to  each  d<'Scripti( 
of  work.  Excepting  In  yeiy  large  establislinieTits,  bowererk  where  ther^ 
are  a  considerable  number  of  haminera  employed^  tliia  c&nnot  alwayip  be 
accomplished.  Ilie  coQRertuence  is  thnt  tlie  han^mer  is  used  iiiot« 
Bqucezer,  fri^quently  crushing  the  Ltqu  at  the  heart  iuEleod  of  drawmg  it  ID 
sound  maimer  tinder  &  httmmer  proportioned  to  its  fii^e.  \^ltere  the  worl 
therefore,  iLre  not  exteofliTe,  or  n^here  Llie  nuiuber  of  haimners  is  Uinit«^, 
facility  of  regulatiug  tlio  stroko  by  the  sloam-hamiuer  is  an  important  adni^ 
tage  in  many  descriptions  of  work.  Another  advantage  is«  tiiat  the 
is  always  working  parallel  with  the  *'  piece  '  tinder  opemtion,  which  is  not 
the  caae  with  the  old-fashioned  helveSp  in  using  which  the  hsmniennaiL  hafl 
to  resort  to  many  ingenious  plane ,  such  bs  employing  thickness  piece6|  for 
QTflrcoraing  this  diMoiilty. 

The  hEunmermiui  is  saved  a  grent  deal  of  trouble  in  regulating  his  tools,  by 
using  the  steamhanuner.  Witli  tho  old-fBehioned  helve,  tdmost  every  different 
heat  requires  an  altertition  of  the  tools  employed ;  with  the  steam  hammer 
there  is  no  necessity  for  any  such  change.  This  of  itself  is  a  considerabid 
adv&^ntage.  With  the  Nosmyth  hammer  he  is  also  enabled  to  work  on  each 
side  of  l}ie  hammer,  as  it  can  be  pliiced  in  such  a  position  as  to  be  acGesaibiB 
on  both  sides. 

There  ore,  however,  a  few  defects  even  in  this  beautiful  tool ;  and  the  first 
which  presonLfl  itself  to  our  mind  is,  that  the  some  quantity  of  ateam  is  wfl' 
Bumed  in  stiiking  a  blow  of  one  foot  upon  a  piece,  say  of  tliree  feet 
as  is  required  for  a  blow  of  three  feet  upon  a  piece  one  foot  dlami 
the  fl^oke  of  the  hammer  being  fixed,  the  cylinder  takes  the  same  qui 
iji  steam  in  lifting  the  hammer  tlie  last  foot  as  it  does  m  liftitig  it  tlio  whc 
of  the  stroke .  This  might,  no  doubt,  be  remedied  by  somo  arrangement 
raidng  or  lowGring  the  cylinder  according  to  the  height  of  the  "  piece"  ui 
which  tlie  blow  ia  to  be  Btnick,  which  would  bo  somewhat  similar  to 
arrangement  iu  operating  with  the  belly-helve,  already  described-  An< 
defect,  but  one  wldcb  attempU  have  been  made  to  remedy  in  &ome  m< 
tious  of  thy  steam-hammer,  arises  frotu  the  difljculty  of  swinging  the  "  piMC* 
to  be  operated  upon,  from  the  iumoco  to  the  hammer,  one  of  the  Icj^  of  thi 
hammer  being  somotiines  In  tlie  way.  This  diificulty  might  be  overcome  by 
allowing  the  hammer  to  etand  upon  cue  strong  leg,  which  would  in  ma&T 
caaes  be  a  confiiderable  improvement  We  have*  alsoi  a  great  objectLon  to 
tlie  amount  of  gearing  connected  witlx  tlie  working  of  the  valves.  They  are 
certainly  verj'  beatitiful*  and  of  toast  ingenious  construction :  but  in  all  ibr>;ift 
tools  it  Is  desirable  that  the  greateat  simplidty,  combined  wiih  the  ^rr At« 
strength,  should  lilways  be  tlie  first  consideration.  Arrangements  have  latel] 
been  made,  we  believe,  for  diajtenstng  with  these  valrcd,  and  ictrodncmg  IB 
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ae  ft  simple  balance-valve  capable  of  being  worked  with  great  ease, 
BO  liable  to  get  out  of  order. 

hare  thiu  given  eome  slight  description  of  the  different  hammers 
d  in  a  forge.  It  has  not  been  our  intention  to  enter  into  very  minute 
[pon  this  subject,  nor  to  advance  any  very  decided  opinion  as  to  the 
merits  of  the  different  implements ;  for  we  are  aware  that  opinions 
liffer  upon  these  points.  The  improvements  tliat  have  taken  place 
description  of  tools  during  the  last  fifteen  years,  have  been  very  great ; 
are  prepared  to  witness  still  greater  developments  of  mechanical 
ion  in  connection  with  this  branch  of  the  art. 
•ilala.— We  now  propose  to  give  a  short  description  of  the  mate- 
isiimed  in  the  forge,  the  chief  of  which  are  the  coals  and  the  iron. 
considerable  importance  tliat  care  should  be  used  in  the  selection  of 
for  the  manufacture  of  forgings,  as  great  difference  exists  in  this 
at  mineral,  some  being  very  much  more  suitable  for  tlie  manufacture 
lers.  The  best  for  the  purpose  is  a  strong,  dense,  durable  coal,  pos- 
a  good  body,  and  having  a  dull,  dirty  appearance.  Coal  with  a 
lean  look,  easily  broken,  as  a  general  rule  is  not  suitable.  Of  course 
Liable  that  the  coal  should  be  as  free  from  sulphur  as  possible,  and 
loold  not  contain  any  large  proportion  of  those  foreign  matters  which, 
in  affinity  for  iron,  fuse  on  the  bars  in  the  shape  of  chnkers. 
low  come  to  the  consideration  of  the  best  description  of  iron  for  this 
iture.     Scrap-iron  is  tliat  most  generally  used ;  but,  far  from  agreeing 

generally  received  opinion  that  it  is  the  best,  we  think  that  it  is  the 
rst  description  of  iron  for  the  purpose ;  and  for  more  reasons  than 
ngineers  usually  require,  in  their  contracts  with  the  forge-master, 
JT  forgings  shcdl  be  made  firom  the  best  scrap  iron ;  and  it  is,  of 
he  duty  of  the  forge-master  to  comply  with  the  terms  of  his  instruc- 
1  contract.  Let  us  first  endeavour  to  see  how  this  almost  universal 
t  the  superiority  of  scrap-iron  has  arisen.    At  the  time  when  small 

were  first  attempted  to  be  made  as  an  article  of  commerce,  the 
tore  of  English  iron  was  in  such  an  imperfect  state,  and  the  quality 
arent.  that  large  quantities  of  the  best  iron  had  to  be  imported  fhun 
and  Russia,  and  for  a  long  time  the  scrap-iron  wot  of  a  quality  that 
t  be  approached  by  English  iron  of  the  period.  Since  that  time,  the 
niaian  and  Swedish  iron  has  been  almost  entirely  discontinued,  ex- 

the  manufacture  of  steel ;  the  greater  part  of  the  scrap-iron  now 
t,  therefore,  is  of  a  very  different  quality  to  that  formerly  known  as 
ijhiron.  This  material  was  deservedly  considered  the  most  proper 
for  the  manu&cture  of  forgings  that  could  then  be  procured ;  but  it 

borne  in  mind  that,  at  the  date  we  speak  of,  the  forgings  were  so 
in  aize  that  the  practical  evils  resulting  from  the  use  of  scrap-iron, 
B  are  about  to  explain,  were  not  so  perceptible. 
,0  ordinary  manufacture  of  bar-iron  it  is  the  practice,  in  most  works, 
to  obtain  it  of  the  toughest  and  best  description,  to  work  and  re-work 
I  times  OTcr.    The  number  of  workings  the  iron  undergoes  is  marked 
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bythenumberof^'best"  Stamps  that  It  bearB.u^beft.  best  best,'*  ■<  treble  bert,'' 
&r.,  «ftch  "  best"  indicating  a  better  quality,  an  extra  woridng,  and  with  aeor- 
reRpondingly  higher  price.  But  this  progresaiye  iznproTement  has  its  lindti, 
as  will  be  perceived,  from  a  series  of  experiments  whioh  were  instituted  bjths 
writer  with  the  object  of  testing  the  coirreotness  and  limits  of  this  impEore- 
ment. 

Taking  a  quantity  of  ordinaiy  fibrons  paddled-iron,  and  reserving  ssmples 
marked  No.  ],  wg  piled  a  portion  five  feet  high,  heated  and  rolled  the  re- 
mainder into  two  bars  marked  No.  2 ;  again  reserving  two  samples  from  the 
centre  of  these  bars,  the  remainder  were  piled  as  before,  and  so  contimied 
until  a  portion  of  the  iron  had  undergone  twelve  worldngs.  The  foUoiring 
table  shows  the  tensile  strain  which  each  number  bore : — 


No.  1  puddled  bar  43,004  lbs. 
„    2  re-heated  . .  52,864  „ 


»  3 

69,586  „ 

»  4 

69.585  „ 

„  5 

57,844  „ 

»  6 

61,834  „ 

.,  7 

59.685  „ 

..  8 

57.344  „ 

„  0 

57.344  ,. 

„io 

64,104  ., 

„11 

51.968  „ 

»ia 

43,904  „ 

It  will  thus  be  seen  that  the  quality  of  the  iron  regularly  increased  up  to 
No.  6  (tlie  sliglit  ditfereuce  of  No.  6  may  perhaps  be  attributed  to  the  sample 
being  slightly  defective) ;  and  that  from  No.  6  the  descent  was  in  a  similBr 
ratio  to  tiie  previous  increase.  From  these  experiments  it  appears  that  scrap- 
iron,  or  any  otlicr  iron,  highly  refined,  is  the  very  worst  material  for  the  con- 
struction of  large  forgings  wliich  can  be  used ;  and  that  if  wo  take,  in  the  first 
instance,  a  strong  fibrous  fresh-puddled  iron,  the  ordinary  workings  required 
in  the  process  of  forging  will  be  sufficient  to  improve  it  to  the  average  maxi- 
mum of  strength  required ;  whereas  highly  refined  iron,  such  as  Lowmoor  or 
Bowling,  although  the  very  best  description  for  many  purposes,  has  already 
reached  the  highest  point  in  its  strength,  from  which  it  is  more  likely  to  bo 
deteriorated  by  additional  workings. 

It  may  then  be  asked — how  can  we  hope,  with  any  degree  of  snccess,  to 
manufacture  large  forgings,  which  require  to  be  worked  over  perhaps  a  score 
of  times,  each  working  beyond  a  given  number  tending  to  vitiate  the  iron? 
AVe  can  conceive  that  this  deterioration  docs  not  penetrate  the  iron  to  any 
great  depth ;  that  few  forgings  are  heated  more  tlian  six  times  in  one  plaoo 
before  fresh  iron  is  added ;  and  that  tlie  various  layers  thus  succeMively 
added  to  the  mass  protect  the  under  portion  from  the  deteriorating  influences 
of  the  successive  heatings.  It  is  also  to  be  observed  tliat  any  cr}'ntalli/.ation 
which  mi^ht  takcj)lacc,  commences  from  the  outside  of  the  mass:   and  a< 


CAST   AND  WBOUOHT-IBOK   FOB    ORUNANCK.  919 

ihU  is  the  portion  which  is  moat  immediately  acted  upon  by  the  blown  of  the 
hammer,  the  fibre  is  elongated  in  a  greater  degree,  and  thus  restored  to  its 
original  quality.  As  a  proof  of  this,  wo  may  insttnce  the  manufactmo  of 
the  monster  gon.  which  was  built  up  in  seven  distinct  layers,  the  forging  of 
which  took  seven  weeks. 

At  the  meeting  of  the  British  Association  at  Glasgow,  in  September,  1850, 
"  a  question  was  raised  in  tlio  mechanical  section  as  to  the  cansos  of  the 
deterioration  of  the  metal  of  which  the  artillery  of  tlie  present  day  was  con- 
structed. On  this  question  a  long  and  interesting  discussion  ensued,  both  in 
lefeFeDce  to  tlie  comparative  weakness  of  cast-iron  as  now  produced,  and  the 
adaptation  of  forged  and  malleable  iron  as  being  stronger  and  better  adapted 
fisT  this  purpose.  The  accounts  received  from  tlic  Baltic  and  Black  Sea  of  the 
hoxsting  of  guns  and  mortars  of  recent  construction,  indicated  that  something 
was  wrong.  These  failures  gave  rise  to  conjectures  on  the  part  of  the 
Ooreminent  as  well  as  of  the  public ;  and,  in  order  to  trace  the  cause  of  tliia 
apparent  weakness  to  its  source,  an  inquiry  was  instituted  by  the  authorities 
at  Woolwich ;  and  subsequently  the  Association  appointed  a  Committee  to 
eoKiperate  with  Her  Majesty's  Government  in  the  investigation  of- this  very 
important  question.  In  order  that  no  time  might  be  lost,  the  secretary  of  tlie 
lection  was  directed  to  issue  circulars  to  engineers,  ironmasters,  and  manu- 
lutnrera,  requesting  that  they  would  forward  to  tlie  members  of  the 
Committee  such  opinions  and  observations  as  they  deemed  advisable,  in  re- 
gard to  the  material  itself,  and  to  its  treatment  preparatoiy  to  the  manufacture 
of  ordnance." 

It  is  to  be  regretted  that  these  circulars  were  not  made  more  general,  and 
that  more  of  them  were  not  addressed  to  practical  forge-masters ;  for  we 
ebserre,  among  the  replies  elicitated,  the  name  of  one  man  only  practically  and 
intimately  connected  with  the  manufacture  of  large  masses  of  wronght-iron ; 
ind  his  roply  is  the  only  one  indicating  any  hope  of  success  in  the  application 
of  wronghtiron  for  ordnance  purposes.  All  tlie  other  writers  who  noticed 
wnraght-iron  at  all  (for  many  passed  it  by  without  the  slightest  attention)  most 
sneqaivocally  condemned  it,  and  came  to  the  conclusion,  that "  the  tendency 
to  CETBtallization  which  the  long-continued  heating  produces  is  such,  that 
ynrtofol  ordnance  cannot  be  manufactured  advantageously  irom  malleable 
itOtt." 

It  was,  perhaps,  fortunate  that  the  manufacturers  of  tlie  monster  gun 
were  not  aware  of  the  adverse  opinions  thus  pronounced  against  wronght-iron 
for  ordnance ;  otherwise,  they  might  have  been  discouraged  in  their  attempt, 
md  what  must  now  be  considered  the  successful  manufacture  of  large 
wrought  iron  ordnance  might  have  been  postponed.  The  following  table 
of  the  tensile  strength  of  the  iron  before  it  entered  into  the  composition  of 
the  gun ;  of  the  iron  cut  irom  it,  and  as  it  now  is  in  tlie  gun,  both  transverse 
and  longitadinal  to  tlie  grain ;  and  of  the  borings  from  tlie  gun,  worked  over 
■gain  in  different  ways, — tends  to  show  tliat,  so  far  from  deterioration  or 
crystsUization  having  taken  place,  the  metal  was  improved  by  its  long-cim- 
tinned  heating  and  working: — 
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Experiment  Dcieriptioii  of  Iron.  itnin  In  1m.    Aver-    4  iu.  koff 

pflT  iq.  In.        •!•.      »lnnwti4, 

No.    1.  Original  iron  of  which  the  gun  ▼!>  nude    .  48'S84  1  in. 

No.    2.  Ditto  ditto  .  50'624  49-604  i  in. 

No.    3    Cut  across  the  grain  from  ntunle  of  gun      •  41*644  ..  fin. 

No.    4.  Ditto  ditto  .  43-901  ..  }  in. 

No.    5.  Ditto  ditto  ^  fiO-624  48-890  jt  in. 

No.    6.  Cut  with  tho  grain  from  mtusle  of  gun        .  48*3S4  . .  f  in. 

No.    7.  Ditto  ditto  .  fiO-624  fin. 

No.    8.  Ditto  ditto  .  62-864  60624  I  in. 

No.    9.  Borings  &om  gun  worked  otbt  with  coal      .  60-684  (in. 

No.  10.  Ditto  ditto  .  62*824  61'704  tin. 

No.  11.  Borings  from  gun  worked  over  with  charooal  78*684  76-684  -^  in. 

No.  12.  Swedish  iron  as  imported,  I  sq.  .        .        .  60*684  60*684  fin. 

From  the  above  experiments  it  will  be  seen  that  the  original  iron  put  into 
the  gun  was  of  no  extraordinafj  strength,  which  is  accounted  for  by  the  fact 
that  it  was  designedly  selected,  in  consequence  of  the  experiments  already 
quoted,  from  what  is  commonly  known  as  **  No.  2  iron/'  or  iron  once  worked 
over  from  the  puddling-process,  though  of  considerable  strength  and  body, 
and  commercially  called  "  common  iron."  This  iron,  after  seven  weeks'hai^ 
ing  and  shaping  into  a  gun,  was,  as  we  have  already  stated,  so  £ar  from  being 
deteriorated  by  this  *'  loii^;  exposure  to  great  heat,"  as  to  be  actually  improved 
iu  quality ;  for  wo  find  that  the  average  of  the  trials  gives  on  increase  of  ten- 
sile stren<;rt}i  from  40-JiUlbs.  per  square  inch  to  50'U24lbs.,  both  trials  being 
longitudinal  with  tlie  iihre  or  grain  of  the  iron. 

The  Btrcugth  of  tlic  irou  across  the  grain  can  hardly  be  regarded  as  of 
mucli  importance,  although  it  cxliibits  a  remnrkablo  amount  of  cohesion, 
for  it  was  laid  in  the  dircctiun  of  the  strain,  and  therefore  the  cut  transverse 
to  tlio  grain  might  have  boon  expected  to  possess  less  cohesion  in  that  directioii 
than  if  the  grain  had  been  placed  in  its  position  accidentally. 

If  we  follow  this  question  further,  and  examine  the  result  of  working  over 
again  the  borings  from  tliis  forging,  we  find  that  the  tensile  strength  is  in- 
creased from  40-501  lbs.  per  square  inch  to  61*704  lbs.  when  treated  with  coke, 
and  70'd84  lbs.  when  worked  with  charcoal ;  and  we  tliink  with  results  such  us 
these — ^^vithout  parallel  in  any  English  make  of  iron,  even  under  tlie  most  favoor- 
able  circumstances — we  ma}'  be  allowed  to  assert  tliat  the  myili  commonly 
called  "  cr}'stallization  from  long  exposure  to  great  heats,"  does  i^t  apply  to 
the  fabricatiou  of  this  the  largest  forging  ever  made.  We  have  given  these  de- 
tails to  illustrate  and  enforce  tlio  preference  given  to  puddled-irou  over  scrap- 
irou ;  but  there  is  another  very  important  reason  why  scrap-iron  should  not  be 
used  for  tho  manufacture  of  forgings — scrap-iron  is  composed  of  many  vari- 
ous qualities  of  iron,  and  all  of  them  have  tlieir  own  special  welding  points. 
When  worked  together,  one  portion  that  is  less  refined  is  too  much  heated, 
and  consequeutlj'  dotcriorst^'d,  before  tho  more  highly-refined  portions  are  at 
a  welding  lieat ;  and  we  are  thus  placed  in  tlio  awkward  dilemma  of  eithv 
buminff  tbc  one.  or  of  bein;;  unable  to  weld  the  other.  It  may  bo  said  tlvit  this 
objection  is  a  mere  thcorttiral  one,  and  tUat.  practically,  no  such  diiKoulty 
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ThiSr  however,  is  not  the  cose,  for  the  diiferencc  of  temperature  at 
puddled-iron  and  a  highly-refined  iron  weld  is  very  considerable; 
gh,  from  the  difficulty  of  finding  a  really  good  pyrometer  for  these 
le  heats,  we  are  nnablc  to  give  exact  data  in  degrees.  If  any  proof 
eqoired  of  this,  which  is  a  matter  of  every-day  economy,  it  is  only 
aiy  to  inquire  into  the  heating  of  iron  for  our  roUiug-miUs.  It  is  a 
itablished  fact,  that,  in  the  mixing  of  dill'erent  doRcriptions  of  iron  in 
es  for  that  purpose,  the  hardest  and  most  refined  iron  is  always  placed 
B,  and  the  puddled  or  common  iron  inside.  "NVere  a  contrary  practice 
id,  and  pnddled-iron  of  ordinary  quaUty  placed  at  the  outside,  and  the 
•refined  or  scrap  placed  in  the  centre  of  the  pile,  the  outer  or  puddled- 
ould  he  wasted  and  destroyed  before  the  inner  portion  was  sufficiently 
weld. 

i  may  also  call  attention  to  tlio  various  qualities  found  among  scrap- 
ome  being  what  are  termed  "hot-short,"  and  others  "  cold-short."  "We 
lefbre  quoted  a  writer  on  the  subject  of  the  manufacture  of  wrought- 
yr  ordnance,  who  has  stated  that  the  limit  has  been  reached  beyond 
for^ga  cannot  be  made ;  assigning  reasons  for  those  limits  according 
own  ideas  and  experience,  the  principal  one  being  the  assumed  difficulty 
Eing  such  large  masses.  Now,  if  wo  take  strong  puddled-iron  in  place  of 
N^rap,"  which  has  hitherto  been  the  material  generally  used,  we  effect, 
have  shown,  a  saving  of  say  about  20  per  cent,  in  the  heat  required 
te  soundly  the  various  slabs  or  portions  of  which  the  "piece"  is 
Bed;  in  other  words,  by  this  simple  substitution  of  the  material  used, 
rease,  to  the  extent  of  about  20  per  cent.,  the  supposititious  limits  of 
iter  fi^)m  whom  wo  have  quoted,  but  the  accuracy  of  whose  conclusions 
Jlenge. 

oralaetiue. — ^But  scrap-iron,  though,  as  we  hare  endeavoured  to 
the  worst  for  our  purpose,  is  the  material  from  which  forging  are 
By  made ;  and  we  must  say  a  word  or  two  as  to  its  preparation.  It  is 
ity,  in  the  first  place,  that  the  small  pieces  of  scrap-iron  should 
p>  a  cleaning  process.  For  this  purpose,  they  are  generally  placed  in  a 
Irum  or  vessel,  which  is  caused  to  rotate  at  a  considerable  velocity  by 
lezy;  and  they  are  thus,  to  a  certain  extent,  freed  from  oxide  and 
I  other  superficial  impurities,  that  would  otlierwisc  injure  the  material 
^ng  purposes.  In  some  works,  where  large  quantities  of  scrap-iron  are 
oed  for  this  and  other  purposes,  the  scrap  is  usually  carefully  selected ; 
me  but  blue  and  clean  iron,  pure  as  when  it  came  from  the  manufac- 
haads,  is  permitted  to  be  used  for  forgings,  the  rusty  and  dirty  iron 
set  aside  for  conversion  to  more  common  purposes,  such  as  the  manu- 
I  of  "  bar-iron,"  "  grate-bars,"  &c. 

e  scn^iron,  having  been  thus  cleaned  or  selected,  is  divided  into  liunps 
lies  of  various  descriptions,  by  being  piled  in  quantities  generally  vary- 
in  100  to  200  lbs.  in  weight  on  a  slate  or  tile.  These  piles  are  charged 
reverberating  furnace,  commonly  called  a  "heating"  or  "  balling"  furnace. 
ig  about  one  hour  and  a  quarter,  they  are  sufficiently  heated  to 
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be  forged  out  into  slabs  or  "  bloomB/'  The  pUing  of  the  iron  Ss  sn  opentkni 
requiring  considerable  skiU  and  ezpexience,  for  if  the  pile  is  not  nolidfy  pot 
together,  it  will  faJl  down  in  the  furnace,  and  pezhaps  become  attached  to 
others.  About  ten  to  eighteen  of  these  piles,  according  to  their  size,  oomtt- 
tute  a  charge  or  "  heat;"  and  a  good  worlcman  will  tun  ont  six  charges  per 
day,  or  about  3  tons  10  cwt  to  4  tons.  Ijarger  descriptions  of  slabs  axe  used 
for  many  purposes ;  and  several  of  those  described  are  again  piled  together, 
subjected  to  the  heating  process,  and  hammered  to  the  required  sh^e.  In 
some  forges  the  same  workman  "  shinies"  or  hammers  his  iron  from  the 
scrap-pile,  and  heats  it  in  the  same  furnace  in  which  he  heats  his  foigings; 
but  this  is  by  no  means  a  judicious  arrangement.  It  is  much  better,  espodal^ 
with  large  work,  that  there  should  be  a  division  of  these  opexatioDB,  and  thst 
a  certain  number  of  men,  of  inferior  skill,  and  consequently  of  less  vafas, 
should  heat  and  "  shin^"  the  iron  for  the  first  processes,  and  deliver  it  to 
the  more  highly-paid  and  sldlftd  hammerman  in  a  further  advanced  and  nuHS 
convenient  shape.  There  is  another,  and  by  no  means  inconsiderable  adriD- 
tage  to  be  obtained  by  this  arrangement.  A  much  larger  amount  of  work  cbb 
be  accomplished  with  the  same  number  of  men  and  tools,  than  in  the  esse 
where  the  two  classes  of  work  are  completed  by  one  workman.  Theaa  akhi 
vary  in  shape  and  size,  according  to  the  nature  of  the  work  for  which  tfaej 
arc  intended ;  and  are  delivered  to  the  hammerman  accordingly. 

In  large  forgings.  each  particular  piece  requires  different  treatment,  accord- 
ing to  the  shape  and  use  for  which  it  is  intended.  On  this  depends  the  ques- 
tion of  the  best  manner  of  making  it.  For  instance,  a  screw-shaft,  whidi  is 
subject  to  torsion,  requires  that  the  iron  should  be  put  together  in  a  manner 
very  different  from  the  mode  in  which  a  crank  or  cross-head  is  prepared.  We 
^vill  take  the  case  of  shafts.  The  most  ancient  method  of  forging  them  was  to 
take  a  certain  number  of  slabs  or  plates  of  iron,  made  into  a  pile  thus  (Fig.  S) 


Fig.  3.    End  Mew. 


Fig.  3.    Fnmt  \itw. 


and  after  heating  them,  to  hammer  them  into  the  round  shape  required.  Ai 
it  soon  became  necessary  to  make  larger  shafts,  however,  and  as  this  pile 
could  not  conveniently  be  increased,  an  improvement  was  introduced,  which 
consisted  in  taking  a  pile  of  slabs  as  before,  and  drawing  a  portion  only  of  the 
mass  into  the  shape  required  (see  Fig.  4),  leaving  a  lump  on  the  end  on 
which  to  place  more  slabs  as  needed ;  then  drawing  a  little  more  at  A  to  the 
required  shape,  adding  more  and  more  slabs  as  occasion  required.  l%is 
method  is  still  practised  at  many  works,  and  with  considerable  success;  but 
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it  reqnirefl  the  utmost  care  and  droumspection,  both  in  legard  to  workman- 
■faip and  materials.  Ihisisthemethodby  whichBhaftsaiegenerallymade  in 
fhe  north  of  England  and  Scotland,  and  in  America.       a 
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Fig.  4.    Front '^ew. 

Another  plan  is  to  lay  up  a  faggot  of  square  bars  sufficient  to  make  the 
xeqniied  shaft  (Fig.  fi).  This  is  a  confiiderable  improTement  upon  the  slab- 
plan,  there  being  much  less  risk  of  ialse  weldings  and  careless  workmanship ; 
and  for  this  reason,  when  slabs  arc  used,  if  the  heat  has  not  been  sufficient 
to  give  a  perfect  weld  to  the  iron,  or  if  any  oxide  or  dirt  should  intrude,  the 
flaw  or  defect  would  run  more  across  the  shaft  than  in  the  faggot,  where 
indeed  any  flaw  from  such  causes  would  run  longitudinally  with  the  shaft; 
and  consequently  would  not  interfere  in  anything  like  the  same  degree  ^ith 
its  strength.  But  this  method  also  requires  great  care  and  attention ;  for  if 
the  fiiggot  of  square  bars  be  made  too  large  at  one  heat,  the  interior  of  the 
mass  cannot  be  sufficiently  heated  to  allow  of  the  iron  being  welded  at  the 
centre.  I  have  often  seen  broken  steam-boat  shafts 
iHiich  have  never  been  united  at  all  at  the  heart,  the 
ban  frmn  which  it  was  made  being  in  the  same  shape 
and  state  as  when  they  were  placed  in  tlie  faggot. 
To  avoid  this  great  evil  it  is  necessary  to  be  espe- 
cially careful  not  to  pack  faggots  too  large  at  once, 
tat  to  make,  in  the  first  instance,  a  moderate  sized 
one,  which,  after  being  worked  perfectly  sound,  has 
ann^lifff  layCT  of  bars  packed  round  it,  and  so  on  with 
ftirther  layers,  until  the  necessary  size  is  attained  Fig.  i.  £nd  view. 
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with  perfect  soundness.  Thus  Fig.  6,  A  being  the  original  faggot  after  it  has 
been  made  sound  and  solid,  has  the  bars,  as  shown,  packed  round  it ;  it  is  then 
again  heated  and  hammered  into  the  required  shape. 

The  third  method  of  manulactuiing  large  shafts  ia  commenced  by  mak- 
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ing  ft  round  core  or  heart,  Bt  and  taking  bus  of  a  V  £Qna  to  pftck  roimd 
it  (Fig.  7).  This  ia  a  method  of  forgmg  rail^Fmy  axles  which  is  ^eqneaUj 
adopted.  It  wra  also  Ihe  m«Uiod  adopted^  with  Bome 
variationB,  iu  fb^iiig  the  numster  guiif  at  the  Meisej 
IroQ  Works.  In  a  preriooB  page,  we  have  girea  the  teiisi]« 
strength  of  the  iroa  hefoie  it  was  foiged  into  the  gun,  and 
ita  condition  after  undergoing  that  procees ;  and  it  may  ba 
Batia&ctory  if  we  give  Bom«  detoib  of  the  aiamieE  in  whiob 
this  large  forging  waa  worked, 

We  have  already  stated  that  it  waa  built  np  in  eeren 
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distiiict  layers  Of  slabs,  and  that  the  fbrgiog  occupied  a^vea  weeka:  elqt 

will  this  time  eeem  unreoeonable,  when  its  dimeuaioiifi  and  weight  vc9 

remembered.     The  chief  points  to  be  conBidci-ed  by  the   designer  of  the 

gun  were,  to  obtain  sound  "n-eldings;  to  pJace  tlie  iron,  with  its  fibres,  in  the 

proper  directjon  for  reslBtiog  tiie  most  severe  strvdn  to 

which  it  could  be  e:£posed;   and  to  iahe  care  that, 

while  working  one  part  of  the  forging,  other  portions 

were  not  wasted  nnder  the  action  of  t]ie  furnace,  by 

huroing  or  cryBtallization.    The  first  operation  was  to 

prepare  a  core  of  Btiitable  dimensions,  and  nearly  the 

Ttvhok  lengtli  of  the  gun.    This  was  done  by  taking  a 

number  of  rolled bftra,  about  six  fwjt  ia  length,  welding 

thi^m  togctlier,  and  dmwinf;  them  out  imtil  the  proper 

leogth  mus  obtainod.     A  series  of  V-sb aped  bars  were         ^*  T.    BodVirr, 
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now  packed  r^nnd  the  core,  tho  whole  mass  heated  in  a  rererbetatorv  f^' 
naco,  and  forged  under  the  largest  belly-kelvG  hammer  Another  Ecries  oi 
bars  were  now  packed  on,  and  the  maaa  was  heated  again,  and  worked  per^ 
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Boond.  Another  lonj^tadinal  aeries  of  bars  were  still  required  over 
tiole  length  of  the  forging,  which  were  added ;  and  the  mass  now  pre- 
l  a  ibrging  about  fifteen  feet  in  length  and  thirty-two  inches  in  diameter, 
qniiing  to  be  augmented  to  forty  four  inches  at  the  breach,  tapering 
io  twenty-seren  inches  at  the  muzzle.  This  was  accomplished  by 
lyen  of  iron,  placed  in  such  a  manner  as  to  resemble  hoops,  laid  at 
■D^^  to  the  axis  of  the  mass ;  and,  after  two  more  heatings  and 
d  welding,  the  forging  of  the  gun  was  completed.  After  each  important 
oOt  a  "  securing"  heat  was  given  to  prevent  flaws.  It  would  be  foreign 
r  purpose  here  to  deal  with  this  implement  otherwise  than  as  a  mass  of 
I  iron ;  its  dimensions,  as  given  by  Captain  Vandaleur  in  his  report,  aro 
low: — 

Ft.    Iiu. 

Length 15  10 

Diameter  at  base 3  7^ 

Diameter  at  muzzle    ....  2      ^ 

Diameter  at  trunnions    ...  3      3^ 

Length  of  bore 13  4 

Diameter  of  bore 0  13-05 


etent  weight  is  21  tons,  17  cwt.  I  qr.  14  lbs. ;  the  original  weight,  before 
If,  was  2&  tons.  The  furnace  employed  was  a  reverberatory  one ;  and 
unmer,  as  we  have  seen,  was  the  great  belly-helve  tilt-hammer,  weiglung 
u.  As  already  intimated,  the  iron  bored  out  of  the  gun  was  tough, 
1,  and  perfectly  homogeneous,  some  of  the  borings  being -curled  like  a 
Hiring  seven  times  round ;  and,  when  worked  up  again,  it  bore  the 
fpKed  to  prove  its  strength,  as  reported  at  page  320;  and  Messrs. 
hU  have  the  satisfactaon  of  having  produced  a  forging,  which  the  scien- 
radd  had  hitherto  deemed  impracticable. 

have  sometimes  been  made  after  another  method,  which  we 
consider  very  injudicious.  Many  specimens  of  this  mode 
of  manufacture  have  come  under  the  notice  of  the  writer 
in  the  shape  of  broken  shafts,  where  tiio  unsoundness,  arising 
firom  the  method  of  working  adopted,  has  been  so  great  as  to 
make  it  a  matter  of  surprise  that  the  shaft  had  done  any 
duty  at  idl. 
The  method  in  question  was  to  forge  four  large  square  bars, 
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Fig.  8.    Front  View. 
rtioned,  of  conxse,  to  the  size  of  the  shaft  required ;  packing  them 
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together  (Fig.  B) .  This  faggot  was  of  buoIl  imm^nac  siz^,  tliat  the  ^uiiacff 
iLud  baiamer  employed  were  altDgeth^  insuffideat  to  produce  cu>aad  work : 
us  EL  iiGciessiiLrj  cousequenLce ,  when  the  shafts  ao  mode  were 
broken^  the  fractiurd  had  au  appearance  Bimilar  to  Fig.  0, 
bfiiig  Qidy  welded  on  tho  circimifereiice  ;  whUe  the  four  fia- 
ftures  ut  the  oeiitre  wertj  sufiicieiitt  in  many  coaea,  to  receive  a 
man's  hand,  while  a  rod  of  iron  could  bo  inserted  from  one 
end  to  the  other. 

Gx7sta.UlmaUon.— A  great  deal  hag  been  said  and  written 
with  reference  to  a  supposed  deterioration,  or,  oa  it  baa  been  calkd^  *'  cryEtol- 
lizatioa,"  of  iroDp  when  rolled  in  largo  madsea,  from  long-contiimed  andfrequeul 
heatiuga ;  it  has  atso  been  asserted  tliat  the  itun,  while  lying  in  the  furnace, 
ia  continually  attracting  carbon  firom  the  grate,  until,  in  courae  of  time,  it  he 
com^s  carburetted,  that  is,  reconverted  into  pig-iron.  When  Uiis  theory  was 
first  propounded,  tbe  writer  determined  to  test  Us  accmacj ;  and  ttiat  in  tht^ 
presence  of  the  gentlemen  by  wliom  it  had  been  promolgated.  A  i^xnaU  knob. 
0^  tto^er.  was  accordingly  detach{;d  &0Ta  a  large  foiling  which  bad  be^ 
tYver-heated,  or  burnt ;  it  broke  oS  with  a  lai-p  gaky  appearance  very  axon* 
loi  to  some  deseriptions  of  lead  ore.  This  waa  pionounced  to  ba  Teiy 
Bimilar  in  its  nature  to  caat-lron,  and  in  tlio  so-coUed  cr^-atallized  state,  I^ 
ceedini^  to  the  gmitha'  dopartmcnt,  tho  iron  was  heated  m  the  fire,  aiul 
drawn  do'^ni  to  about  three  times  its  original  length.  It  worked  well  undflc 
the  hammer;  and  when  broken  again  in  the  usual  v^ity^  waa  aa  beautifully 
fibrous  as  the  iron  from  which  it  was  originally  made.  Thig  expeiiutcnt  led 
to  the  coneluaion,  that  tJio  iron  acted  upon  was  very  diHoirent  in  its  naturt* 
from  cafit-iron*  and  certainly  failed  in  sustaining  the  crystallization  theory. 

It  may  be  well,  however,  in  the  firat  place,  to  consider  what  is  the  meut- 
ing  attached  to  this  term^ — "  Cryatallixation/'  It  has  been  generally  iwed  to- 
fiigmJy  that  the  structure  or  composition  of  tho  iron  haa  antirdy  changed  lU 
character  and  assumed  a  new  fonn.  Mr.  Mallet,  in  his  work  before  qnote*i 
(p^  1 10) ,  thus  deacribea  thia  change ; — 

"  With  tiie  same  iron  and  the  same  volume  of  forging^  however,  the  size 
of  tho  cry  stale  appears  to  be  larger  and  more  developed  in  proportion  to  the 
time  that  the  mass  is  maintained  kol  and  in  process  of  forging.  Tlua  time  U 
necesBonly  greater  as  the  mass  ia  so ;  and  as  tlie  operation  of  reducing  Ittotiu 
Mqiiired  form  is  more  complex  or  laboriou£i.  In  fact,  oa  in  caat-lrou,  we  saw 
tlmt  the  crj'Btals  were  large  r  the  longi^r  the  umas  required  to  cool ;  so  in  ^liTunght- 
iron,  they  are  larger  the  longer  tho  mass  is  kept  hot :  and  thn«  it  happens 
that  m  very  large  and  ma^iYC  forging^,  requirliig  often  to  be  maintained p«r 
haps  for  weeks,  at  temperatureB  varying  from  welding-heat  down  to  dull  r^dnes^ 
dystala  ai'e  developed  ^nthiii  the  maaa  of  a  sizo  tending  nifittrially  to  diminish. 
in  some  places,  tbe  average  cohesion  of  tJie  iron,  where  their  planes  of  cleav- 
age produce  partial  planes  of  wealaieas.  The  she  of  these  cryEtala  is  occa- 
sioually  eurprisiug ;  the  broadest  imd  thitte^  planes  of  olcav'age  fr^ueotly 
running  in  the  direction  in  which  Bor&^es  of  the  integrant  e^lab^,  or  pciftien^ 
of  iron  of  which  the  maw  baa  beea  formed ,  have  been  welded  together.   The 
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'  ham  observed  czystals  to  depoat  flat  planes  as  large  as  the  sor&oe  of 
OETDwiL  piece  in  foigings  under  seven  tons  weight." 
1  have  little  doubt  that  in  many  instances  this  statement  is  perfectly 
i;  we,  however,  at  the  same  time  declare  oar  belief  that  cases  are 
d  to  where  the  greatest  carelessness  and  inattention  on  the  part  of  the 
mn  have  been  exhibited.  We  think,  moreover,  that  some  experiments 
have  takeii  place,  and  others  which  are  still  making,  under  the  direction 
.  ICaUet,  will  indnce  him  to  alter  his  opinion  on  this  point.  To  one 
le  we  may  here  allude  in  support  of  this  view :  a  sample  bar  has 
laned  out  of  the  body  of  a  large  wroughtiron  mortar  piece  made  for 
nd  the  sample  shows  a  highly  fibrous  development,  very  different  in 
«ace  from  the  specimens  described  by  Mr.  Mallet  in  the  above  extract — 
ration,  be  it  observed,  which  may  be  at  any  time  observed  in  a  forge 
immiDg  a  piece  of  burnt  iron,  or  in  an  exposed  comer  which  has  been 
feed  to  very  great  bat  not  necessarily  continued  heat, 
seems  to  us  that  all  wiought-iron  is,  more  or  less,  crystalline  in  its 
ire ;  and  that  the  difference  between  what  we  call  fibrous  and  crystal- 
ran  only  consists  in  the  degree  of  fineness  in  the  crystals,  and  perhaps 
manner  in  which  they  are  laid  together ;  the  presence,  also,  of  foreign 
'.  such  as  silicon,  in  some  form,  may  also  have  its  influence.  What- 
he  cause  may  be,  however,  it  is  known  that  a  piece  of  good  fibrous 
in  break,  under  the  smith's  hammer,  with  a  long  silky  appearance ; 
denly  fractured  by  an  irresistible  blow,  the  same  piece  of  iron  "will 
(nystalline,  but  the  crystals  will  be  very  fine  and  close>  and  of  a  good 

some  experiments  made  at  Woolwich,  in  the  year  1B12,  to  test  the 
of  shot  against  wrought-iron  plates,  and  determine  whether  wrought- 
tB  a  suitable  material  for  ships  of  war,  it  was  found  that  the  toughest 
tost  fibrous  plate-iron,  when  struck  by  shot,  was  instantaneously  crys- 
d ;  while  the  pieces  struck  out  were  so  hot,  that  the  fragments,  even 
passing  a  considerable  distance  through  the  air,  could  not  be  handled 
he  naked  hand ;  in  many  cases  the  fracture  had  that  blue  appearance, 

is  indicative  of  considerable  heat. 

OS-pounder  wrought-iron  gun  burst  with  the  first  charge  at  Woolwich, 
1 12th  of  July,  1B55 ;  on  examination,  the  iron  was  pronounced  to  be 
IHzed,  and  its  nature  changed,  by  long  exposure  to  great  heat.  This 
nine  appearance  was,  most  probably,  the  result  of  the  very  sudden 
ption,  as  in  the  experiments  with  the  iron  plates ;  and,  according  to  our 
i  the  case,  is  traceable  to  bad  workmanship.  A  considerable  portion  of 
rs  of  which  the  forging  was  composed  had  never  been  welded  at  all ;  and 
ibt  the  fracture  commenced  with  these  false  weldings.  The  crystalline 
ranee,  where  the  iron  was  torn  from  the  solid  mass,  arose,  at  any  rate, 
reat  extent,  from  the  sudden  fracture.  Other  causes,  no  doubt,  assisted ; 
{ which  the  selection  of  fron  too  highly-refined  may  be  included.  From 
lystalline  appearance,  the  authorities  of  the  Ordnance  Department 
d  at  the  conclusion,  that  large  masses  of  iron,  from  long-continued 
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heating,  have  a  tendency  to  oryBtallize,  and  Iobb  the  properlies  pecnfiirto 
\n-ought-iron.    Acting  on  this  hj^iheais,  they  pnt  a  atop  to  what  were  ctDtd 
"Nasinytli*B  experiments"  at  Patiicroft,  pronouncuig  the  manufacture  of  a 
drought-iron  gun  of  large  size  unposaihle — a  theory  which  the  socoGaiftil 
manufacture  of  a  much  larger  piece  has  sinoe  practically  shown  to  be  inoonofll 
As  wc  have  before  shown,  a  bar  of  iron,  planed  transveisefy  from  a  piece  «iifc   I 
off  the  end  of  the  gnn,  broke  with  a  fibrona  texture,  and  with  a  very  di^ 
tendency  to  crystallization ;  and  that  crystal  by  no  means  of  a  large  ebaiacter. 
Tliis  sample  had  never  been  treated  or  altered  in  the  slightest  degree  sinee  it  VII 
cut  off  the  gun,  and  it  would  be  pronounced  "  excellent  best  iron."    A  partia 
of  this  was  afterwards  rolled  down  to  thrae-eighthB  of  an  inch  round  barJnit, 
and  it  was  bent  cold  in  all  ways  without  giving  way  in  the  slic^test  degree. 

Having  thus  endeavoured  to  explain  the  meaning  of  the  term  "  ciystallun- 
tion,"  let  U3  now  endeavour  to  trace  the  causes  which  produce  this  result 

The  change  in  the  structure  of  the  mass  of  iron,  when  it  occaxs  duiiag 
the  process  of  heating,  is  usually  produced  from  the  finnaee  being  urged 
to  a  much  greater  heat  than  is  necessaiy  for  welding  the  iron;  in  fiiek, 
the  outside  first,  and,  if  the  heat  be  not  clieched,  the  whole  of  the  mass,  if 
reduced  to  a  pa  sty  or  partially  fluid  condition.  The  strooture  of  the  iron  is  thn 
entirely  changed ;  and  in  the  process  of  cooling  the  mass,  dystallization  takei 
place  in  the  same  manner  as  with  other  substances  which  crystallize  in  passing 
from  tlie  fluid  to  the  solid  state.  Under  these  circumstances,  the  iron  may  be 
injured — in  other  words,  it  may  bo  burned :  but  we  are  not  to  suppose  that 
such  a  result  in  either  inevitable  or  by  any  means  common ;  on  tlio  contraiy, 
the  heat  noccssaiy  to  produce  tlie  evil  is  with  difficulty  obtained  in  our  ordi- 
nary furnaces,  under  the  most  favourable  circumstances. 

Some  years  ago  tlie  experiment  was  tried  at  the  Mersey  Steel  "Works  of 
fusing  wi'ought-iron,  with  the  idea  of  casting  it  into  such  shapes  as  '*  cranks," 
"  cross-heads,"  and  other  forms  required  by  engineers.  They  succeeded  per 
fectly  in  obtaining  excellent  castings;  but  it  was  found  that  the  dcterioratioD 
of  the  structure  of  the  iron  in  passing  from  the  fluid  to  the  solid  state  wai 
such,  that  the  work  produced  had  little  moro  strength  than  ordinary  cast- 
iron.  Of  course,  the  manufacture  was  at  once  given  up.  But  in  the  appear- 
ance of  the  fracture  of  the  ingots  resulting  from  Mr.  Bessemer's  experiments 
at  Baxter-house,  there  was  a  great  similarity  between  it  and  the  results  ob- 
tained in  melting  scrap  wrought-iron. 

Mr.  Mallet,  in  his  work  (Note  R,  page  251),  says : — "  Late  experience  has 
shown  me  that  in  very  large  cylindrical  masses  of  forged  wrought-iron  {tJ. 
of  three  feet  diameter  and  upwards),  amongst  the  other  abnormal  circum- 
stances involved  in  their  production,  is  that  of  their  frequently  rending  or 
tearing  internally  in  planes  nearly  parallel  with,  and  about  the  axis,  thou^ 
not  always  in  it,  presenting  a  character  similar  to  those  described  in  section 
217 ;  the  cause  appears  to  be,  that  in  the  progress  of  cooling  such  a  mass  the 
exterior  cools  first  and  becomes  rigid,  while  the  internal  portions  are  still  red- 
hot  and  soft.  The  external  parts  contract  as  they  cool,  but  they  already 
grasp,  in  perfect  contact,  the  still  hot  interior ;  the  exterior  therefore  cannot 
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c«itr»ct  fill] J,  but  becomes  solid  undvr  constraint  circtiinfiiMntjnlly.  partly 
itself  esEtended  in  virtue  of  ite  conipresfliug  the  still  liot  find  soft  ijiterior. 
The  latter  at  length  alao  becomes  cold  and  ripid  ^  hut  its  conlmetiun.  is  now 
Ksieted  by  tho  ri^dJ  arch  of  tlio  exterior  Ti-itli  T^^liich  it  is  Biirroimdefl.  Tlio 
eoDtnctioik  of  the  interior,  tliorcfore,  is  limited  to  tiildng  pkce  r:uliiillr  out- 
nvrds  from  the  (K?Titro ;  and  thus  Uie  mass  rends  itarlf  aaunder  iu  some  uue  or 
more  ploxiea  pEintllol  to  tlic  axis  of  the  cylinder. 

"In  a  Cfliudric  mass  of  for^fed  iron^  varj'ing  fjrom  24  to  3li  inches  in 
diimeter*  rents  of  1€  inchcB  in  width  across 
m  diameter  wcro  found,  witli  jftgt^cd  coiin- 
tcrpart  ffar&ccs  cloarjy  tom  asitndcr,  and 
about  |ths  of  an  inch  apart  at  the  ividest  or 
central  part;  the  f&ct  is  most  iuBtnictive 
afi  CO  the  enormous  intemid  strains  that 
most  eiist&Qm  like  canses  in  ca-stiron  guns 
and  mtiiifliB  of  large  Rize." 

We  give  a  sketch  (Fig,  10)  of  the  form 
of  this  forging,  ahoning  the  faults  or  **  fis- 
sares"  that  w^ro  found  in  it,  and  which  no 
dcmbt  took  pl^o  from  contraction  after  the 
luce  had  left  the  hammerman  s  Lands  per- 
fectly sound. 

When  the  forging^  wna  cooling,  tlie  part 
D  would  of  conrso  cool  Gn^l ;  and  an  thero 
WIS  no  great  difiercntial  diameter  between 
D  and  B ,  the  dilferentkl  contraction  was 
not  greater  than  the  elasticity  of  tlic  ma- 
terials permitted ;  but  the  midden  and  great 
difference  in  the  diameters  B  and  A  caused 
the  forging  at  B  to  ha  comparatively  cool ; 
nhilst  the  foipng  at  A  liad  very  consider- 
able hoat^  the  parts  of  the  forging  at  B  and 
D,  being  nearly  cold,  became  rigid  and  un 
alterable,  constitnting  a  rciy  strong  arch^ 
which  prevented  the  forging  from  contract- 
ing 131  a  regular  manner. 

If  this  forging  had  hcen  of  one  uniform 
(jlindiical  shape,  theae  fissures  would  not 
hare  taken  place,  as  the  contraction  Tvonld 
have  been  uniform  throughont  at  the  same 
time  the  conducting  power  of  iron  is  suffi- 
cient to  allow  of  tho  heat  poss&ng  from  the 
interior  to  the  ontside  with  anMcient  ra- 
^dltj  to  prevent  any  fiasnrc  or  unsoundness  taking  placo  in  the  forging. 

Hr.  MaQct  proceeds  to  say^'*  It  is  probably  from  this  cau&e  that  more  or 
len  hoUowncBB  i&  fonnd  in  the  centre  of  almo&t  every  large  forging,  greater 
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in  proportion  as  the  forgmg  is  larger.  The  difficulty  is  one  not  easily  over- 
come.  Veiy  slow,  and,  aa  far  aa  possible,  nnifbrm  coolingof  the  whole  sum 
in  an  annealing  oven,  snggests  itself  as  one  remedj;  bnt  this  has  disadfin: 
tages  in  enlarging  the  ciystalline  development  of  the  metal,  or  providing 
a  central  cylindrical  opening,  so  as  to  cool  the  dronmierence  and  the  oeatn 
together." 

Here,  at  last,  wo  come  to  a  tangible  danger  to  be  feared  in  the  mawiftfr 
tore  of  large  forgings,  provided  that  dne  care  and  attention  be  not  paid  to  iii 
proper  manipulation.  Bnt  this  danger  is  also  common  to  castinga,  being 
created  not  by  equal,  but  by  difierentiid  contraction.  There  is  nothing  mon 
to  bo  dreaded  in  casting  metals  of  any  sort,  but  more  especislly  those  in 
which  the  contraction  is  great,  than  that  any  part  of  the  oasting  should  be 
suddenly  reduced  or  increased  in  size.  When  this  is  the  case,  what  the 
founders  call "  a  draw"  evidently  takes  place ;  and  the  same  result  is  observed 
ill  large  forgings,  from  the  cooling  of  the  smaller  portions  before  the  larger. 
In  such  a  case  as  this,  let  us  follow  the  practice  of  the  engineer  and  founder, 
who,  from  experience  and  long  practice,  discourage  such  shapes  as  are  found 
impracticable,  and  make  such  modifications  in  their  plans  as  shall  do  away 
ynth  these  differential  results. 

'Whilst  Mr.  Mallet's  work  was  passing  through  the  press,  and  without  any 
cominunication  from  him,  the  maker  of  tlie  forgings  he  mentions,  after  three 
failures,  overcame  the  difEculty  in  tlie  manner  proposed ;  viz.  by  making  a 
cylindrical  opening  in  the  centre,  wliich  allowed  the  interior  of  the  forgings 
to  cool  as  rapidly  as  the  external  ring,  and  wliich  permitted  the  necessary 
contraction  without  producing  fissures.  To  endeavour  to  overcome  the  diffi- 
culties incident  to  on  important  manufacture,  which  is  still  in  its  infancy, 
appears  to  be  much  preferable  to  the  theory  and  maxims  of  tiio  "  Ilow-not  to- 
do-it  "  school,  who  would  sit  quietly  down  under  a  difficulty  without  attempt- 
ing to  remove  it. 

In  the  Report,  made  by  a  Oommitleo  of  tlie  Franklin  Institute,  on  the 
bursting  of  the  wrought-iron  gun  on  board  tlie  United  States'  stciun-frigate 
"  Princeton,"  the  following  facts  were  elicited  : — 

"  1.  The  iron  of  which  the  gim  was  principally  made  was  capable  of  being 
rendered  of  a  good  quality  by  sufTicient  working. 

"  U.  From  the  state  in  wliich  the  iron  was  put  into  the  gun,  it  was  not  in  a 
proper  condition  for  the  purpose  to  which  it  was  appUed. 

"  3.  The  metal,  as  it  cxL^tcd  in  the  gun,  was  decidedly  bad. 

"  4.  As  to  tlie  manufacture  of  the  gun,  the  welding  was  imperfect 

"  Tliese  facts  relate  exclusively  to  the  gun  submitted  to  the  examination  of 
the  committee,  and  tliey  are  derived  from  immediate  experiments  and  obser- 
vation. But  besides  giving  these  to  the  public,  tlie  committee  felt  themselves 
bound  to  express  tlie  opinion,  that  in  the  present  state  of  the  arts  the  use  of 
wrouglit-ii'on  gims  of  large  calibre,  made  on  tlie  same  plan  as  the  gun  now 
under  examination,  ought  to  be  abandoned  for  the  following  reasons : — 

"  1.  The  practical  difficulty,  if  not  impossibility,  of  welding  such  a  laigc 
mass  of  iron,  so  as  to  insure  perfect  soimdness  and  unifonnity  throughout. 
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3  uncertainly  that  will  always  prevail  in  legard  to  imperfeotionB  in 
.    And 

m  the  &ct  that  iron  deoieasea  in  strength  from  long  exposure  to 
heat  necessary  in  making  a  gun  of  this  size,  without  a  posailaility 
the  fibre  by  hammering  with  the  hammer  at  present  in  nse  in  this 
ii  the  same  time  the  committee  wonld  not  wish  to  be  understood 
ig  any  opinion  whether  the  constrnction  of  a  safe  wron^t-iron 
>me  other  plan  is  practicable  or  otherwise,  in  the  present  state  of 
lasmnoh  as  this  subject  has  not  been  referred  to  them  by  the 
>• 

Sony  that  Bfr.  Mallet  thinks  it  necessary  to  add  to  this  Beport, 
[uotes  at  length  in  his  valuable  work  on  the  "  Construction  of 
he  following  remarks : — 

ig  can  more  strikingly  show  the  deteriorating  effect  of  forging  in 
s  (however  done)  upon  the  tenacity  of  wrought-iron,  than  the  fbot 
iding  Report,  nor  the  uncertainty  of  the  process  as  respects  weld- 
the  latter  difficulty  may  be  greatly  mitigated  (though  it  cannot  be 
r  pre-eminent  skill  on  the  part  of  the  hammerman,  is  proved  by 
of  the  Mersey  Steel  Company  in  the  dupHcate  perfected  by  them 
rhich  failed  for  the  "  Princeton,"  and  still  more  in  the  stupendous 
lUy  perfect  forging  they  have  now  almost  finished  into  a  gun  for 
ment,  no  doubt  by  far  the  largest  ever  made  in  one  piece,  being 
igth  of  chase,  13  inches  calibre,  14  or  15  inches  thick  at  the 
about  0  inches  at  the  muzzle,  a  solid  shot  of  which  will  weigh 
Ir.  Mallet  thus  gives  the  weight  of  his  authority  (for  which  we 
le  greatest  respect)  to  sentiments  which,  in  our  opinion,  hardly 
rther  refutation  than  the  facts  which  he  himself  mentions. 
3ral  failures  in  the  manufacture  of  wrought-iron  guns  should  not 
r  of  suiprise ;  for  it  is  hardly  reasonable  to  expect  immediate 
any  new  fabrication.  How  many  fEiilures,  it  might  be  asked, 
iforo  cast-iron  guns  were  brought  to  the  comparative  perfection 
ow  reached  ?  When  we  consider  that  an  attempt  has  been  sue- 
de to  construct  two  of  the  largest  guns  ever  attempted  of  wrought 
it  having  had  any  failure  to  record,  we  think  it  hardly  probable 
should  occur  where  sufficient  skill  in  workmanship  is  used,  and 
ed  experience.  It  would,  indeed,  be  somewhat  strange,  if,  with 
xperience,  less  successful  results  were  to  be  obtained  than  in  the 
atively  novel  experiments. 

the  most  common  forms  of  real  crystallization  results  from  what 
ly  called  "  hammer-hardening."  In  the  year  1854,  at  the  meeting 
sh  Association  in  Liverpool,  a  paper  was  read  by  the  writer  of 
on  the  subject  of  crystallization  of  iron  under  certain  drcum- 
!e  selected  &  piece  of  good,  tough,  fibrous  bar-iron,  which  ho 
sating  in  the  usual  manner.  He  tiien  heated  it  to  a  full  red- heat, 
ired  it  by  light,  rapid,  tapping  blows,  until  it  was  what  is  called 
."    After  it  was  allowed  to  cool,  he  again  broke  it,  and  found 
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that  the  stractore  of  the  iron  was  entirely  changed ;  and  that,  instead  of 
bending  nearly  double  withoat  fracture,  and,  when  the  fracture  did  occur, 
brealdng  with  a  fine,  silky  fibre ;  an  entire  alteration  had  taken  place,  and 
the  bar  was  of  a  rigid,  brittle,  sonorous  character,  incapable  of  bending 
in  the  slightest  degree,  but  brealdng  with  a  glassy,  crystallized  appearance. 
By  simply  heating  the  bar  to  the  same  red-heat  again,  the  fibre  was  restored 
exactly  as  before.  This  change  in  the  structure  of  iron  has  been  obseired  in 
railway  axles  and  chains ;  and  wo  believe  thai  it  is  now  customary,  in  some 
manufactories,  to  anneal  such  articles  as  are  exposed  to  any  jar  or  peicussian, 
at  regular,  periods,  and  with  a  beneficial  result.  Now  this  crystallization  ii 
particularly  to  be  dreaded  in  forgings,  for,  unless  great  care  is  used,  thif 
error  of  "  hammer-haidening"  will  often  take  place — sometimes  from  tha 
vanity  of  the  forge-man,  who  is  naturally  desirous  to  torn  out  a  pretty  well- 
finished  forging;  at  other  times,  as  is  more  generally  the  case,  from  the 
requisition  of  the  engineer,  who,  without  thinking  of  the  result,  wishes  to 
have  his  forging  delivered  to  him  as  nearly  as  possible  to  the  finished  size; 
and  when,  as  is  often  the  case,  a  very  small  allowance  or  margin  is  given 
between  the  forged  and  finished  dimensions,  the  forge-man  is  imder  the 
necessity  of  worldiig  his  iron  much  colder  than  is  consiatent  with  a  due  regird 
to  strength.  It  is  very  true  that  some  forge-men  will  work  much  nearer  to 
tlio  sizes  given  tliem  tlian  others,  and  still  avoid  the  dangerous  error  of 
cold-hammering;  but  when  certain  dimensions  arc  a  sine  qua  tton,  inferior 
workmen,  to  keep  anywhere  near  tlic  mark,  must  "  cold-hammer"  tlicir  work ; 
for  nono  but  a  firstratc  workman,  and  one  who  has  every  confidence  in  his 
own  powers,  dare  bring  liis  iron  down  to  the  required  size  at  a  full  heat. 

Some  engineers,  and  we  have  known  instances  among  tlie  most  eminent, 
in  ordering  their  foi'giugs,  have  made  tlic  rcmorlc — **  Pray  take  care  not  to 
finish  the  work  too  cold,  for  wo  do  not  caro  for  a  fine  polidi  to  our  forjrings;" 
and  this  language  we  would  urge  all  engineers  to  use.  Such  au  instruction 
shows  a  true  appreciation  of  the  danger  of  cold-hammering,  and  a  knowledge 
of  this  craft,  which  it  is  tlio  object  of  this  work  to  convey  to  all.  But  while 
we  have  a  very  strong  objection  to  cold-hammered  forgings,  we  should  be 
sorry  to  be  understood  as  encouraging  that  slovenly  description  of  forging, 
which  leaves  the  pieces  so  clumsy  and  unsiglitly  as  to  require  more  than 
a  necessary  amount  of  cntting  or  turning.  This  is  an  error  that  ought  also 
to  be  avoided.  If  proper  care  and  attention  wci'c  paid  to  tlie  quahty  of  the 
material  used,  as  well  as  to  the  workmanship,  we  should  have  fewer  break- 
downs in  our  seagoing  steamers,  and  might,  ^^ith  perfect  safety  and  great 
advantage,  reduce  the  weight  of  tliose  parts  that  aro  made  of  wrought-iron. 
In  the  selection  of  forgings,  the  cheapest  are  generally  a  long  way  from  being 
the  least  cosUy;  for  the  extra  weight  of  material  used,  often  brings  the 
actual  cost  up  to  a  level  with  the  dearer,  but  better-finished  and  lighter 
forgings.  Where  clicapness  of  first  cost  is  the  rule,  though  accepted  as  the 
cheapest,  it  will,  in  all  probability,  be  the  dearest  in  the  end. 

In  concluding  this  short  paper,  we  would  observe,  that  the  opinions  and 
facts  here  developed  (although  the  result  of  long  practical  experience)  have 
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it  (ogetiier  at  a  short  notice,  during  the  presBiire  of  onerous  budness 
nents,  which  permitted  but  little  time  to  be  devoted  to  the  subject 
thor  does  not  for  a  moment  pretend  to  treat  this  important  subject  in 
ntific  manner  that  it  deserves ;  but,  when  requested,  he  gave  bis  humble 
tee  to  further,  though  in  a  slight  degree,  the  development  of  know- 
a  a  subject  which  has  hardly  ever  received  the  attention  of  those 
Jly  competent  to  write  upon  it;  but  which,  he  is  convinced,  is  of 
ad  growing  importance  to  thu  country*  as  a  national  manufacture  in 
t  stands  proudly  pre-eminent. 

old,  however,  the  few  remarks  which  we  have  put  together  awaken 
tquiry,  and  further  investigation  of  the  subject,  by  those  who  have 
utd  ability  to  pursue  it,  the  author  will  rejoice  that  his  humble  endea- 
ave  not  been  altogether  in  vain. 
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CHAPTER  XVn. 

STEEL    MANUFAOTUBE. 

The  superior  qitftlitj  of  steel  produced  by  the  British  mAnufacturer  tn 
best  Swedish  and  Russian  wrought  or  soft  iron,  has  procured  for  him  i 
a  monopoly  of  the  steel  trade  of  the  whole  world.  Steelworks  havi 
been  established  at  Sheffield,  Birmingham,  and  Newcastle-on-I^e,  am 
in  a  few  other  places.  Sheffield,  with  its  neighbourhood,  is  howe^ 
chief  seat  of  this  trade ;  and  owes  its  first  establishment,  as  well  as  i 
paralleled  development,  to  the  possession  of  a  number  of  natural  adva 
presented  by  no  other  locality  in  an  equal  degree.  Among  these  may  be  ] 
its  situation  near  the  south-western  margin  of  the  Yorkshire  coal-basin, 
contains  all  the  Tarieties  of  coal  for  hard  and  soft  coke,  and  also  convertinj 
which  the  different  operations  require.  Between  the  Abdy  coal,  near ' 
eleven  miles  north-east  from  Sheffield,  and  the  lowest  of  the  beds  net 
to\^'n,  there  are  no  less  tliau  thirty-one  seams  of  coal  in  a  vertical  seel 
seven  hundred  yards,  sixteen  of  which  scams  arc  of  sufficient  thicknci 
commercial  value  to  be  wrought  in  different  places.  With  the  port  of 
which  receives  the  irons  of  Sweden,  Norway,  and  Russia,  Sheffield  ha 
liad  river  and  canal  communication,  and  latterly  by  railway  also.  Bu; 
stone,  capable  of  bearing  the  great  heat  of  the  melting  and  convertiB 
naces,  is  got  near  at  hand,  and  also  excellent  clay  for  fire  bricks;  withii 
miles  westward,  lying  at  tlie  bottom  oi  the  coal  measures,  and  alten 
Avith  sandstone  and  shale,  is  found  in  several  places  that  peculiar 
clay  for  melting-pots,  wliich  is  tlie  only  kind  known  which  will  bci 
great  heat  of  the  steel-melting  fiu-naces.  These  advantages  would  havi 
insufficient,  especially  in  the  earlier  ages  of  its  establishment,  bi 
another,  which  made  available  and  thereby  increased  the  value  of  a 
rest.  We  refer  to  the  water-power  of  five  small  rapid  manageable  i 
which,  rising  on  tlie  high  lands  of  Uie  western  moors,  converge  towari 
town.  The  Rivelin  and  Loxley  join  %vithin  a  mile  and  a  half  on  the  north 
and  these  are  joined  by  the  Bon  within  a  mile  of  Sheffield.  On  tlie  south 
the  Porter  and  Sheaf  join  close  to  tlie  town,  and  they  meet  the  other  i 
streams  witliin  the  town  itself.  The  river  now  called  the  Don,  proc< 
towards  Doncaster.has  several  steel  works  upon  it  before  reaching  Rothi 
and  Masbrough,  where  were  the  celebrated  iion  and  steel-works  of  &j 
Joshua  Walker  and  Co.,  now  in  the  hands  of  diflferent  proprietors, 
these  rivers,  tilts,  forges,  and  other  works  required  in  the  manufacti 
steel,  were  erected  long  before  steam-power  was  applied  to  similar  pur 
:ii>d  when  water-power  was  neccssaiy  to  tlie  very  existence  of  the  steel 
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'Wa  shall  now  state  the  object  of  each  operation,  and  the  way  in  whicli  it  is 
perf>rmed. 

To  nnderstand  the  process  by  which  the  manniactaror  converts  bai*-iron 
into  steel,  we  most  fint  consider  the  diiTcrencc  in  tlie  composition  of  cast- 
iron,  vr  joght-iron,  and  steel.  Wrought  or  soft-iron  may  contain  no  carbon, 
and,  if  perfectly  pure,  would  contain  none,  nor  indeed  any  other  impurity; 
but  this  is  a  stato  to  be  desired  and  aimed  at,  but  it  has  never  yet  been 
pez£9etly  attained  in  practice.  Tlie  best  as  well  as  the  commonest  foreign 
irons  always  contain  more  or  less  carbon,  and  occasionally  present  pieces  so 
iteel-rank  (as  some  of  tlie  old  converters  call  it)  as  to  be  capable  of  being 
hardened.  Carbon  may  exist  in  iron  in  tlic  ratio  of  05  parts  to  10,000, 
without  assuming  the  properties  of  steel.  If  tho  proportion  be  greater  than 
that,  and  anywhere  between  the  limits  of  G5  parts  of  carbon  to  10,UOO  porta 
of  iron,  and  2  ports  of  carbon  to  100  of  iron,  the  alloy  assumes  tho  properties 
of  steel.  In  cast-iron,  the  carbon  exceeds  2  per  cent.,  but  in  appearance  and 
properties  it  differs  widely  from  the  hardest  steel.  These  proportions,  oltliongh 
we  quote  them,  are  somewhat  doubtful;  and  tho  chemical  constitution  of 
these  three  substances  may,  perhaps,  be  regarded  as  still  undetermined. 

There  seems,  however,  no  reason  to  donbt  that  in  steel,  carl)on  exists  in 
chemical  combination  with  iron,  but  in  some  much  lower  proportion  than 
flie  carburet.  In  cast  iron,  it  is  not  impossible  that  it  may  exist  in  two  states — 
namely,  as  a  carburet  diffused  through  the  mass,  and  also  in  that  state  which 
nith  wrought-iron  constitutes  steel ;  for  cast-iron  has  this  prox>erty  in  common 
with  steel,  that,  whon  cooled  quickly  by  casting  it  into  metal  moulds  called 
chills,  as  is  done  for  rollers  and  the  faces  of  tilt  and  forge-hammers,  the  surface 
of  th«  cast-iron  becomes  nearly  as  hard  as  hardened  steel ;  and  castiron  is 
also,  like  steel,  capable  of  being  soitened  by  tho  process  of  annealing. 

The  conversion  of  wrought-iron  into  a  substance  resembling  cast-iron,  in 
f&any  of  its  characters,  by  subjecting  its  particles  for  some  timo  to  a  stato 
of  vibration,  without  any  chemical  change  in  its  composition  taking  place, 
■seems  to  indicate  that  tho  different  properties  of  theso  three  materials  may 
depend  on  other  circumstances,  besides  the  proportion  tho  carbon  bears  to 
4he  iron.  Various  other  bodies,  such  as  phosphorus,  silica,  sulphur,  and 
manganese,  occur  in  small  proportions,  and  must  be  regarded  as  impurities 
in  steel.  Sulphur  and  phosphorus  especially  are  highly  injurious  to  tho 
■quality  of  iron,  and  ore  with  great  diiEculty  separated  from  it.  Some  have 
■even  considered  mongoncse  essential  to  steel:  but  where  its  action  ran  be 
^beneficial,  it  seems  to  be  by  entering  into  combination  with  silica  and  other 
impurities. 

In  those  melting  fiunuuies  where  mongoneso  is  used,  it  is  put  into  tlto 
«»HiTig  pot  with  the  steel  to  the  extent  of  two,  tlirec,  or  four  ounces,  and 
with  it  a  little  charcoal  also,  if  the  steel  requires  more  carbon.  When  tlie 
iteel  is  meltod,  the  manganese,  with  other  impurities  contained  in  the  steel,  is 
found  floating  at  the  top  as  a  greonish  glassy  scoii^  which,  bcin;?  removed, 
takes  those  impurities  along  with  it,  and  in  tiiat  way  improves  tho  quality  of 
common  kinds  of  steel  to  wliich,  for  the  most  port,  its  use  is  limited. 


S.'tO  cHARACTEitirncs  OF  snit. 

The  best-markB  iron  coatain  no  appre<dable  quantity  of  wia^ngMiafA^  j^gg 
can  steel  made  from  them  bo  at  all  improTsd  by  its  use. 

Cast-ir Dn  is  described  as  *'  hard,  brittle,  fosiblo  at  a  high  tempeiatare ;  bat 
neither  malleable  nor  capable  of  being  welded  at  any  temperature."  This,  u 
a  general  description,  is  tme ;  but  must  now  be  taken  with  due  allowance  u 
to  the  brittlcncss.  for  we  see  in  Sheffield  every  day  articles  of  caat-inm. 
wliich  were  brittle  when  cast,  made  soft  by  subsequent  annealing.  The  most 
extraordinary  results  are  produced  in  this  way  by  Mr.  John  Crowley^  who  bn 
paid  groat  attention  to  the  cliemistr^  of  tliis  difficnlt  subject  He  makes  a 
great  variety  of  articles  used  in  machinery,  vihich,  when  oast,  are  as  brittle  u 
glass ;  but  after  being  annealed  for  several  doys  in  dose  vessels,  come  out  so 
soft  as  to  bear  bendiu^  and  twisting  as  easily  as  the  softest  wrought-iion. 

Wrought  iron  is  soft,  tough,  almost  infusible,  malleable  when  heated  to  a 
red-heat,  and  capable  of  being  welded  at  a  higher  temperature. 

Steel  differs  from  wrought-iron  in  possessing  this  remarkable  propeilyt 
that  when  heated  to  a  redheat,  and  suddenly  cooled  by  being  plunged  hio 
cold  water,  or  by  any  other  method,  it  acquires  a  great  degree  of  linwitMM- 
If  the  steel  be  converted  into  what  is  called  a  melting  heat,  it  will  by  thii 
treatmeut  be  made  hard  enough  to  scratch  glass.  This  extreme  hardnev 
may  be  reduced  to  almost  any  degree  of  softness  required  by  gradually  heat- 
ing the  steel  (after  having  nibbed  part  of  its  surface  bright),  and  observing 
the  change  of  colour  produced  by  the  commencement  of  oxidation.  This 
operation  is  called  tempering.  The  first  visible  tinge  of  yellow  somewhat 
increases  the  toughness,  \^'ithout  perceptibly  reducing  the  hardness.  A 
deeper  yellow,  approaching  to  orange,  is  a  suitable  temper  for  razors,  pen- 
knives, and  tools  for  turniug,  planing,  chipping,  or  boring  metals ;  a  deeper 
orange  is  required  for  joiners'  edged  tools  and  table  cutlery ;  and  a  blue  for 
springs.  If  the  heat  be  carried  farther,  while  white  succeeds  to  blue,  the 
steel  will  be  nearly  as  soft  as  when  it  left  tlie  hammer  before  it  was  hardened. 

Thoroughly  converted  blister-steel  is  brittle,  and  can  be  easily  broken  by 
the  blow  of  a  hammer,  or  even  by  a  smart  blow  on  its  edge,  over  the  edge 
of  an  anvil ;  but  after  being  heated  and  liammered,  its  tenacity  is  so  mudi 
increased,  that  an  unskilful  person  would  have  great  difficulty  in  breaking  it 
by  any  moans  he  could  think  of.  Taken  in  this  state,  and  properly  hardened 
and  tempered,  it  is  vexy  elastic.  At  a  red-heat  it  is  malleable,  at  a  white 
heat  it  may  be  welded  either  to  another  piece  of  steel  or  to  iron,  and  at  a  still 
higher  temperature  it  is  fusible,  and  may  be  made  into  cast-steel  by  melting 
in  a  crucible. 

To  convert  iron  into  steel,  the  English  method  is  to  take  best  Swedish 
or  Russian  wrought  or  bar-iron,  ond  subject  it  for  some  time  to  a  high  degree 
of  tenq)eratiire  in  contact  witli  small  pieces  of  wood-charcoal  in  close  vessels, 
60  as  totally  to  exclude  the  air.  The  quality  of  the  Swedish  and  Russian 
^Tought-iron  brought  into  this  country  is  distinguished  by  trade  marks  im- 
pressed on  tlie  bars.  Certain  of  these  marks,  called  hoop  L,  GL,  and  double 
bullet,  are  knownin  tho  trade  as**  best  "marks.  The  British  manufacturers 
have  been  suppHcdwith  tliem  more  than  a  century  by  Messrs.  Joseph  Sykes 
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ud  Sons,  of  Hull,  through  whom  also  they  have  reccirod  a  great  part  of  the 
Biike  of  several  of  the  other  marks  kuonoi  as  second  marks,  some  of  which 
sra  nearly,  if  not  folly,  equal  to  those  called  best  in  quality.  Tlie  second  marks 
•re  W  and  crown,  GrF  hoop  S,  JB  and  crown,  gridiron,  Stcinbok,  S  and  dots ; 
•nd  with  these  might  rank  one  quality  of  Norwegian  iron.  These,  with  an 
occasional  importation  of  less  known  marks,  and  a  large  quantity  of  the  Rus- 
Bin  iron  GCND,  belonging  to  Count  Bemidoif,  made  in  different  parts  of 
his  eztenuTe  estates,  and  which  varies  more  than  most  other  irons  in  quahty 
on  that  account,  were  the  chief  sources  of  supply,  and  were  sufficient  to  meet 
tiia  demand  up  to  the  peace  of  18J  5.  It  was  tlie  custom  of  some  of  tlie  manu- 
factniera  of  that  day  to  break  up  their  blister-steel  with  their  own  hands,  to 
waminfl  and  apply  it  to  the  purposes  for  which  they  judged  it  to  bo  best 
raited ;  and  as  it  again  came  under  their  review  in  tlie  subsequent  processes 
of  sted-making,  and  often  also  of  being  made  into  goods,  they  became  tho- 
ZDoghly  acquainted  with  the  properties  of  the  various  marks  in  use,  and  con- 
■dflred,  with  reason,  that  their  reputation  as  manufacturers  depended  upon 
the  judicious  application  of  the  material. 

So  strong  was  the  preference  or  prejudice  in  favour  of  the  well-known 
marka,  and  the  fear  of  loss  of  reputation  whicli  might  follow  the  use  of  any 
■ew  aort,  that  it  would  have  been  found  almost  impossible  to  introduce  any 
olfaer,  even  at  a  greatly  reduced  price,  if  it  had  been  possible  to  increase  the 
niply  of  the  old  marks. 

Though  the  magnetic  iron  ore  of  Sweden  is  abundant,  the  quantity  of  iron 
that  can  be  made  from  it  is  limited  by  the  quantity  of  wood  for  charcoal  that 
oa&  be  grown  within  a  moderate  distance  of  tlie  works.  What  the  steel 
Buurafactorers  were  very  reluctant  to  do,  was  at  length  forced  upon  them  by 
the  neoessitj  of  the  case ;  and  iron  made  from  the  heematite  ore  of  Sweden 
ouae  gradoaUy  into  extensive  use. 

In  this  change,  which  began  to  take  place  about  1820,  Messrs.  Cowio  and 
Bnmdstrom  of  Hull  may  be  regarded  as  the  pioneers.  The  latter,  a  Swede, 
mrfnUnnii  his  labours  chiefly  to  the  selection  of  the  best  made  irons  in  his  ovin 
eooiitry,  while  his  inde&tigable  partner  had  the  greater  labour  of  inducing  the 
mann&ctorera  to  try  them.  He  got  some  of  their  iron  converted  into  steel, 
nd  got  articles  of  all  sorts  made  from  it,  which  he  exhibited  as  proofs  of 
flie  lues  which  their  irons  were  fit  for.  He  sold  small  quantities  of  the  steel 
to  the  manufacturers  to  try  for  themselves ;  and,  after  much  opposition,  two 
or  tkree  of  the  new  marks  so  introduced  began  to  have  an  established  place 
fak  the  market ;  but  in  that  stage  a  new  difficulty  met  the  firm.  Some  of 
flie  old-established  iron  merchants  contracted  with  the  proprietors  of  the 
works  ibr  those  marks,  and  they  were  lost  to  the  introducers,  who  had  again 
to  hegin  with  other  new  marks.  They  persevered,  however;  and  by  inducing 
some  proprietors  in  Sweden  to  turn  their  attention  to  the  making  of  a  supe- 
;tior  iron  for  steel  purposes,  furnishing  them  from  this  coimtry  with  superior 
niMihineiy,  and  *"»T""g  such  suggestions  as  to  their  knowledge  and  expe- 
lienoe  appeared  to  be  improvements,  they  were  again  enabled  to  introduce 
MTinl  other  marks,  some  ofwhichthey  lost  as  they  did  the  others;  so  that, 
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on  the  whole,  their  success,  while  benefical  to  the  trade,  was  not  so  remniie 
tive  to  themaelres  as  their  indnstiy  deserved.  Thus  b^un,  a  revolution  y 
gradually  but  surely  made  in  the  iron  trade  with  Sweden.  Many  mauufactor 
have  improved  their  production,  and  every  year  has  witnessed  the  introdnot 
of  new  marks ;  and  with  this  change  came  another.  Formerly  the  trade  i 
supplied  through  the  Hull  merchants  only,  who  now  indeed  supply  aa  sk 
as  ever;  but,  in  addition,  many  of  the  largest  concerns  buy  a  portion  diz 
firom  the  makers  in  Sweden,  in  some  cases  contiacting  for  the  whole  make 
a  forge. 

While  those  changes  were  taking  place  in  Swedish,  a  new  mark  of  B 
sian  iron  Kb  was  introduced,  which  proved  the  most  useful  addition  we  hi 
yet  received  for  cast-steel ;  and,  fortunately,  there  is  a  good  quantity  oJ 
made.  It  ranks  with  CCND  in  quality,  and  some  prefer  it  to  that  mazk 
thi«  purpose. 

Contemporaneously  with  these  changes,  and  to  complete  the  aoconnt 
materials  used  for  conversion  into  steel,  it  ought  to  be  mentioned  that  Brit 
irons  for*  such  purposes  as  do  not  require  a  hard  conversion,  are  extenaiv 
used ;  and  some  of  them  answer  the  purpose  remarkably  welL  Of  these  1 
Low  Moor  and  Bowling  irons  are  perhaps  the  best — at  least,  they  are  theb 
Imown,  and  obtain  the  highest  price ;  they  have  been  in  use  many  yean 
forks,  mill-saws,  slabs,  and  springs. 

Of  tlie  dilT^erent  kinds  of  iron  enumerated,  the  best  and  second  mar^  mi 
of  Uie  magnetic  iron  ore  of  Dannemora,  which  is  nearly  pure  black  oxide,  o 
tlieir  superiority  over  the  other  Swedish  irons  to  tlieir  greater  freedom  from  1 
contamination  of  foreign  substances.  Both  tliese  irons  and  the  marks  nu 
from  hfcmatites  are  superior  to  the  British  for  steel  pmposcs,  because  b< 
are  made  \vith  charcoal  only.  The  argillaceous  iron  ores  of  Britain  are  m< 
difficult  to  reduce  and  to  obtain  free  from  sulphur  than  either  of  the  othe 
and  the  use  of  coke  further  deteriorates  their  steel-making  quality,  as  is  mi 
apparent  by  the  experiments  made  on  Swedish  pig-iron  when  wrought  ii 
bars  in  Eugland.  Even  Swedish  blooms,  which  have  been  heated  and  weld 
in  our  coke  lircs,  and  drawn  into  bars,  are  found  to  be  deteriorated  thereb; 

In  one  respect,  B  ritish  iron  is  better  than  the  Swedish.  It  is  made  souni 
and  more  free  from  flaws,  the  high  temperature  obtainable  in  our  fires,  and  1 
great  weight  and  excellence  of  the  machineiy  in  our  large  iron-works,  enabli 
the  ironmasters  to  do  this. 

The  converting  furnace  consists  of  two  rectangular  chests,  technica 
called  a  pair  of  pots,  mode  of  silioioua  freestone,  capable  of  bearing  a  gr 
degree  of  heat  unchanged.  The  stone  is  cut  at  the  quarry  into  rectangu 
pieces,  all  six  inches  thick,  and  so  arraoged  as  to  form,  when  put  together,  t 
chests  of  tlie  dimensions  required.  They  are  usually  from  twelve  to  fourtt 
feet  long,  and  about  three  feet  six  inches  wide  and  deep.  The  chests  shoi 
be  supported,  even  where  the  ground  is  tolerably  favourable,  upon  about  fi 
feet  of  solid  masony ;  for  it  is  of  tlie  greatest  consequence  that  there  should 
no  sinking  or  giving  way  of  the  foundation,  so  as  to  crack  the  chests  a 
admit  air,  which  would  spoil  the  conversion.    The  masonry  should  fin 
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,  eonne  of  fire-biiok ;  and  npon  that  a^ain  is  laid  croas-walls  of  fire- 
ten  inches  thick  and  the  same  distance  apart,  upon  which  the  chesti 
omediately  rest, 
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:  and  the  space 

m  them  is  divi- 

ito  floes,  eorre- 

ing   with  those 
pass     under- 
let the  opposite 

aid  at  the  ends 
ebests,  into  the 

iek  vault  which 

■  them  all. 

ii  Tault  has  an 

I     opening     at ^^__ 

nd,  luge  enough  ^-y.*^ 
man   to   creep 

iAml  it  is  i^     '^^ 

,  to  Uy  in  iron 

BS  out  steel;  at 
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times  they  are  bricked  up  temporarily,  and  plastered  with  clay  or 
iwwf.  There  are  also  two  small  temporary  openings,  one  over  each 
through  which  bars  can  be  put ;  and  in  these  a  piece  of  sheet-iron  is  laid 
80  used,  with  the  edges  turned  up,  to  pass  the  bars  more  easily  and 
it  injury  to  the  brick-work. 

it  of  the  vault  rise  three  small  chimneys  on  each  side  opening  into 
rgie  cupola,  which  carries  the  smoke  to  a  considerable  elevation,  and 
itM  the  wind  from  having  much  effect  upon  the  draught  of  the  fdmace 
nie  fire-grate  is  under  the  middle  row  of  flues,  and  the  whole  length  of 
eats.  It  ha«  a  strong  metal  door  at  each  end,  which  is  kept  close  shut, 
t  when  a  fresh  charge  of  coal  is  being  put  in.  The  fire-brick  work  and 
M  ohests  are  built  with  ground  clay  and  water,  mixed  to  a  proper  con- 
M,  iff^*«*H  of  lime  mortar.  The  following  ground-plan  (Fig  3) ,  represents 
Budation- walls  of  two  converting  fitmaces  and  cellars.    Over  ^e  large 
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cellar  if?  the  iron  boxiso.  Tbe  wolU,  in  Uu»  instance,  ftre  fr»mied  of  rabbled 
fftc^  with  brick,  oud  the  plaa.,  with  ihe  riimcmgiong^ityie  taktoi  frma  iwofca 
erected  in  iaft6. 

Th«  fii7t  thing 
the  c^01lverter  and 
men  midet  hiio 
do,  is  to  pr^puro 
the  iron,  th@  bsira 
of  which  are  prin- 
dpfilly  bom  two 
to  three  inches 
brood  and  fre- 
dghths  to  lliree- 
fourthfl  of  Ob 
inch  thick,  ex- 
cept where  they 
are  T«qmred  for 
railway  apringo, 
imd  then  they 
are  made  from 
lUriJti  and  a  quar- 
ter to  four  incliea 
inhreodtb.  They 
are  prepared  by 
atraighteoing  tlia 


cTonked  bars,  so  that  they  may  he  evenly  in  the  ch«sta,  and  by  cttttiaf 
of  them  ds  are  too  long  about  three  inches  shorter  than  the  chevta,  ao, 
aUow  for  th6  expansion  of  the   iron  when  hot     Tlui  doDV.  tlw 
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§w  Iftying  in.  The  oonverter  gets  into  one  of  the  cheats,  and  an 
■nt  hands  him  through  the  man-hole  a  btiaketful  of  charcoal;  so 
,  of  whioh  as  he  judges  sufficient  he  spreads  upon  the  hottom  of 
iheflt,  making  it  as  level  as  he  can  with  a  straight-edged  piece  of 
.  ^nie  assistant  now  hands  him  bars  through  one  of  the  small 
ngi,  bfoad  or  narrow,  thick  or  thin,  of  one  mark  or  another,  if  the 
is  of  different  marics,  as  he  is  directed  by  the  converter,  who  lays 

wpaii  the  charcoal  flat^ide  downwards,  taking  care  that  they  do  not 
.  cither  end  by  an  inch  at  the  least  With  the  short  pieces  he 
MS  np  those  bars  which  are  too  short  for  the  chest  The  edges  of  the 
m  laid  so  as  to  touch  each  other,  or  nearly  so,  without  any  particular 
iBoe  for  e^Moaion  in  that  direction  ;  the  inequalities  in  the  bars  being 
isnt  for  that  purpose,  seeing  that  the  last  bar  of  a  course  never  fits 
|j.  A  layer  of  bars  being  laid  in  the  chest,  and  covered  about  half  an 
tUek  with  ohaiooal,  ban  and  charcoal  are  then  laid  alternately,  until 
kmA  k  nearly  full,  finishing  with  a  thicker  layer  of  oharcoc^  than  usual 
be  top.  The  other  chest  is  filled  in  exactly  the  same  manner,  after 
I  both  axe  eorered  over  with  from  four  to  five  inches  in  thifllmaaa  of 
Inmx^  as  the  grit  from  Ihe  grindstone  is  called,  and  which  may  be 
A  fho  grinding-wheels  for  carting  it  away.  This  grit  contains  a  portion 
m  and  steel,  and  their  oxides,  in  minute  divhiion,  intimately  mixed  with 
rtt,  which  seems  to  possess  the  valuable  property  for  this  purpose  of 
[going  a  partial  fusion  when  hot,  and  forming  a  kind  of  cindery  slag, 
I  poiftotly  protects  the  steel  underneath  from  the  action  of  the  air. 
•^  fkunace  has  a  square  opening  of  about  five  inches  in  the  centre  of  the 
i  one  of  the  chests,  which  is  continued  through  the  walla  to  the  outside 
>  ftunaoe,  into  which  two  or  three  bars,  called  tap-bars,  are  laid,  partly  in 
Mrtly  out  of  the  chests,  but  in  such  a  manner  that  they  can  be  drawn 
4ijen  required.  To  prevent  access  of  air  to  the  chest,  tlie  rest  of  the  open- 
I  oarafoUy  filled  up  with  fine  ashes,  well  rammed  in.  1  he  man-h(4es  and 
L  evenings  are  now  made  up  as  before  mentioned ;  a  fire  of  coals,  which 
Men  previously  prepared,  is  put  upon  the  grate  at  both  ends,  and  will  now 
ra  constant  attention  day  and  night  for  six,  seven,  or  eijht  days.  The 
I  xaised  gradually,  and  Uu  intensity  of  it  regulated  solely  by  the  expert- 
and  judgment  of  the  converter,  he  having  no  instrument  of  the  nature  of 
rometer  to  guide  him. 

he  coal  suitable  for  converting  is  such  as  will  bum  away  in  a  good  draught, 
Dg  scarcely  any  residuum  but  white  ashes,  which  fall  between  the  bars 
Ihe  aah-pit  That  coal  which  in  burning  runs  together  into  a  mass  of 
I  cinder  would  not  do  at  all,  because  in  that  state  it  would  stop  the 
^t  from  passing  between  the  grate-bars  through  the  fire.  When  fresh 
haa  to  be  put  on,  the  fire  is  first  levelled  with  a  long  coal  rake,  or  rather 
hook,  being  a  rod  of  round  iron  with  about  four  inches  at  the  end  turned 
^t  angles ;  another  smaller  rod  is  occasionally  paseed  between  the  grate- 
to  dear  away  any  obstruction.  Large  pieces  of  coal  are  thrown  in  chiefly 
•  hand,  vevy  little  being  used  so  small  as  to  require  a  shovel;  andwhenone 
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end  of  tJi<i  prate  irt  JtUcd.lltc  ci;niv«MH.r]n*Of:(?odst4^fillflioi»lh*?r.«>rauotlitTmjui 
does  it  at  the  siiine  time.  Kach  firiiifx  will  tiilte  from  4  U>  t)  cw-t.  of  coal,  luid  wili 
iwiuire  renewed  everj'  2\  or  8  hourt^:  and  a  Leat  of  Btcel  coiivprlinj;  T^-ill  k- 
quire,  on  the  averago,  lH  or  13  toos  of  coal,  or  more,  according  U»  tlie  nwe  of 
ths  fanuK^c  and  the  time  required.  Most  of  tlifii  charcoEd  used  is  made  hy  the 
pyroligneous add  mannfacturgrsof  the n^gltfaonrhood.  It  do«B  nci  A]>pe4rto 
be  of  any  cotis^tiueticQ  what  kind  of  Tvood  is  used  for  the  <li ticoal — all  Iduds  di> 
equiUly  well;  butook-biJJeta  burned  in  r^torta,  and  oiterwHrdii  gronnd  or  bntk^ 
down  to  nbout  the  fdjs*  i>f  horsn  beans,  ig  the  kind  principally  used,  for  no  other 
reason^  however,  tlian  that  it  ia  most  easily  otitained.  Anolher  kind  of  charcoal, 
ealled  mmniel,  is  Taa.de  bv  bortmi^  the  amaU  branchea  in  tlie  woods  ;  and  eouff 
OOQTertera  prefer  it  for  those  heate  wliich  do  not  require  a  hard  conrcrsioii. 

A  fumaci^  of  the  size  generallj  pref«rrcd,  will  hold  &om  10  to  18  tona  of 
iron.  In  larger  fiimacfis,  the  frteel  carrnot  be  bo  c^tmUIj  conrert^d :  and  in 
amalloT,  the  conTeraiou  costs  more  per  ton.  Tlie  iron  i^  eonaidered  to  gain 
about  four  pounds  to  the  ton  in  tliiH  procetiB  ;  but  tMs  will  depend  tijKm.  the 
kind  of  heat  used,  whether  a  mild  one  for  springs  or  a  hard  one  for  naftLting ; 
but,  nfter  all,  tiie  gain  in  weight  rauRtonly  be  regarded  aa  an  spproidmation : 
how  much  of  it  is  dutj  to  charcool-duat  adhmng  loosely  to  the  bars,  and  how 
much  to  caribou  istkesn  up  chemically  by  the  iron  in  forming  steel,  has  not 
been  determined  with  oiueh  accuracy.  Tlie  weighing  into  and  out  of  the 
JornRce  is  never  done  with  the  nicety  which  the  settlemeDt  of  aueh  a  qTidstioJi 
ihJuJd  require, 

ConvertingfTimaeos  are  well  worked  if  from  fourteen  to  sixteen  bests  art 
^t  ont  of  them  in  a  year.  When  the  fire  has  been  condnned  so  long  that  (be 
dCigree  of  couTorsion  dGsired  ia  ^(ipposed  to  be  licarly  attaintd,  one  of  tlte  tap- 
bais  is  drawn  out  and  the  opening  stopped  up.  When  rold.  ft  is  broken :  and 
by  Its  appearance  a  jiidgmeut  ia  funmed  of  tho  state  of  the  wlude,  Mkd  thf 
Uring  regitlated  accordirif^^Iy.  tn  n  few  houra  more  a  iserund  bar  is  «hm«n,  taA 
tiie  progress  made  in  tlie  interim  observed ;  this  is  a  further  g:aide  Cpr  tha 
contij^uance  of  the  fire  for  some  tiiue  longer,  or  for  allowing  it  to  go  out  as  tb» 
ease  may  require. 

Easy,  simple,  and  certmn  as  it  appoara  for  a  person  of  expericnec  to  judgs 
of  tlie  convei-sion  of  bar-steel  by  the  appearance  of  it^  fmctujo,  it  is  qiiiw 
impossible  to  convey  tliat  kuowledgo  t^o  a  stranger  by  any  form  of  words;  be 
tnust  see  tlio  atcel.  and  hiiveaU  those  dilfereaicea  poiuted  out  to  hina  befbnhil 
can  distjngiiisli  between  hard  and  soft  steel  for  himsell 

The  whole  quantity  put  iijto  a  convertuig-fumBce  at  on*  dme  is  calM  « 
beat  of  steel ;  and  according  to  the  dei?ree  of  ciu-bomzation  required  it  it 
called  a  Bpnngheat^  a  cuUer'n-heat.a  Bhenr  heat,  a  file-heat»  or  a  melting-heat 
When  the  fire  ia  kt  out,  the  furnace  requiren  no  attention  for  thriee  or  four 
days.  By  that  time  the  tuan-hcdeff  ms}'  be  opene«l  to  alUvw  a  draught  of  ail 
Uirough,  to  huBten  the  cooling :  and  in  a  few  da3*s  more  it  will  be  cool  enoo^ 
for  a  man  to  ent^ir  in  order  to  break  the  covers  off.  ft;nd  f-ake  out  the  s]e«t«i 
which  h  generally  done  wJiile  the  st^el  is  still  too  hot  to  be  token  «»nt  with 
the  bare  hands.    The  men's  bauds  are  protected  in  doing  this  by  ccvcml 
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iMMi  of  ooane  cloth.  Some  of  the  charcoal,  when  the  amall  doat  is 
from  it,  will  be  fit  to  use  again,  mixed  with  fresh  charcoal. 
sal  obtained  by  this  process  is  never  quite  equally  converted.  Near  the 
a  and  udeo  of  the  chests  it  is  more  carbonized  than  in  the  middle ;  and 
I  true  also  of  erezy  single  bar,  the  external  being  more  converted  than 
teznal  parts.    A  good  converter  can  produce  more  uniformity  in  the 

heat  than  might  be  expected,  by  laying  the  thinnest  bars  where  he 
I  they  will  get  the  least  fire ;  or  if  the  heat  consists  of  marks  of  different 

•ad  e^toality  is  desired,  he  will  lay  the  poorest  irons  in  that  situation. 
m  happens  that  the  same  heat  is  intended  to  serve  more  than  one  pur- 
-fer  example,  to  be  made  into  bar-steel  files,  and  shear-steel ;  in  that 
tie  file-steel  should  have  the  most  conversion.  Bar-steel  is  also  colled 
^«teel,  on.  aooount  of  the  blisters  raised  upon  it  in  this  process.  Jjarge 
Ur  Uisteis  may  be  taken  as  an  indication  of  inferior  iron.  When  the 
I  vnilorm,  the  blisters  are  more  uniform ;  but  still  vary  from  small 
m  to  half  or  three-quarters  of  an  inch.  This  refers  to  steel  made  from 
I  marks  only.  Little  reliance,  however,  must  be  placed  on  the  size  of 
iaters  as  indications  of  the  quality  of  steel ;  for  if  small  blisters  were  a 
if  quality,  steel  from  British  iron  would  be  better  than  best  marks. 
B  Ulsters  axe  doubtless  owing  to  some  impurities  in  the  iron,  which 
fiunace  take  the  gaseous  form,  and  raise  the  blisters  by  the  force 
ir  elasticity.  What  those  gases  are,  is  unknown;  but  it  is  known 
rhatever  the  impurities,  they  are  got  rid  of  in  the  crucible  of  the 
g  fbtnaoe  when  bar-steel  is  made  into  cast-steel,  of  which  the  foUow- 
roof  may  be  given : — ^For  a  certain  purpose  it  is  desirable  to  make 
tauto  of  a  bar  of  cast^teel  harder  than  the  middle ;  and  to  do  this, 

of  oast^teel  may  be  drawn  down  under  the  forge-hammer  to  nearly 
»  required,  and  tiien  the  extra  dose  of  carbon  may  be  given  by  bedding 
n  charcoal  in  the  converting-furnace,  like  bars  of  iron.  Cast-steel  so 
1  will  have  no  blisters,  and  may  be  finished  under  the  hammer. 
tien  lazge-sixed  square  bars  are  to  be  converted  for  the  files  called 
en,"  tlie  carbon  will  notjgenetrate  deep  enough  at  once,  nor  will  all  the 
des  be  converted  alike,  but  the  two  which  lie  upward  and  downward 
oeive  the  most  carbon ;  so  that  on  being  converted  the  second  time, 
tier  two  aides  should  be  laid  in  that  position. 
len  and  by  whom  the  present  method  of  converting  iron  into  steel 

to  be  practised  is  not  recorded.  The  oldest  furnaces  remembered 
raons  now  living,  were  on  the  same  principle  as  those  in  use  at  the 
.t  day :  this  would  carry  the  method  back  about  a  century ;  but  it  is  pro- 
much  older.  The  earliest  furnaces  we  have  any  knowledge  of  were 
mtirely  above-ground ;  and  whatever  the  strength  and  thickness  given 
walls,  they  were  liable  to  crack  from  the  expansive  force  of  the  heated 
als,  thus  giving  admission  to  air.  Where  the  air  could  also  get  access 
steel,  its  effect  was  to  spoil  the  entire  heat.  In  most  cases  the  admis- 
f  air  takes  place  wliile  the  heat  is  cooling,  and  its  effect  upon  the  steel 
ipletely  to  decarbonize  it  to  a  depth  vazying  from  the  thickness  of  a 
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sheel  of  paper  to  the  tenth  of  au  inch  frooi  the  Burlaoe.  That  tliiB  dccarbou' 
jzation  has  tftken  place  may  he  known  by  the  red  colour  of  the  bar,  e»*B 
without  breaking  it,  Wheii  broken,  the  bar  ftpfpean  like  the  others  in  the 
centre,  hnt  with  a  skin  of  very  hri|;;ht,  Bhining,  and  soft  iroii  surromiding  it| 
Trhich  is  extremely  tough  and  will  not  harden.  AU  ench  haia  mnirt  go  into 
the  fiimace  ttgain  to  be  roconTcrted. 

Many  improvemenU  suggested  from  time  to  time  hy  experience  hftve  been 
nude  iu  tha  details  of  the  (xoi&truction  of  c^anvertiDg  funiacee ;  but  Dome  w 
impotiont  oA  tlint  of  plu^^ing  the  working  part  of  the  ftim&ce  under  tlie  but- 
face-level,  thug  moMug  uac  of  thd  solid  ground  to  resist  the  erpaDsive  forCfl 
of  the  heated  Airuace. 

It  is  popularly  believed  that  conyerting  iron  into  Bteel  is  an  expenrirfl 
proceftB,  which  in&y  have  arisen  from  comparing  the  price  of  best  bar-Btecl 
with  the  price  of  British  iron.  Henee,  several  methods  have  boeu  proposed 
for  aonveriing,  all  of  wluch  would  so  far  exceed  ua  expense  the  eflScient  method 
now  practised,  that  it  mfiy  be  prestimod  their  sathora  would  nerar  have  pitb- 
Hahed  them  had  they  known  the  small  expenao  at  which  the  preae^t  method 
ia  couduoted, 

In  former  timea,  ^-hen  tlie  furnaces  were  made  to  hold  eight  or  nine  tua$* 
the  charge  far  cou verting  for  hire  was  &0t.  per  ton.  About  forty  fcan  ago. 
when  they  held  aboiit  tweWe  tons,  it  was  reduced  to  46*. ,'  ainoa  then  ndMO- 
tione  have  been  eflected  to  40*.,  35*.^  33i  *  30#.*  2bM.^  and  20#.,  which  laatmHf 
he  the  price  at  which  whole  heate  of  aphng-eteel  is  converted  at  the  present 
time.  Knde  of  bar-ateel  rQcouvertingt  and  acrap  stee),  are  charged  price  and 
half,  and  double  price,  according  to  circumstADeea. 

Cue  of  tlie  mo<st  extenaive  uses  to  which  bliatorste^  wae  formerly  pal 
wag  tti<3  making  of  Slea,  for  which  purpose  the  lome  parte  of  the  baia  (by 
whiah  is  meimt  Uic;  porta  which  were  not  welded  gonnd  in  the  making)  wnv 
broken  out^  and  tlie  sound  parts  tilted  to  tlie  proper  ^ze  and  applied  to  this 
purpose.  Tliesje,  wUeu  ground  rendy  for  cutting,  would  present  no  outward 
appetu'ance  of  flaws ;  but  the  cutter'a  ohiseU  would  often  penetrate  parti 
which  were  unbound,  occasioned,  apparentlx^  by  a  white  powder  embedded 
iu  the  ateol:  to  distinguish  this  from  tlie  eflceta  of  Imperfect  weldiiig,  it  w«0 
eaUed  wliite-loose.  It  waa  a  aource  of  great  annoyance  to  the  fil&  makers  by 
spoiling  the  appearance  of  their  files,  and  cauaing  them  to  be  sold  at  an  la- 
fertor  price,  ra  waatera.  They  oomplajoed  of  it  many  years*  yet  nobody  eared 
to  apply  a  remedy,  though  it  adoiitted  of  a  very  simple  one,  and  the  cMe  IB 
cited  to  show  howdifficidt  it  ia  to  get  people  U>  change  their  mode  of  woridng; 
when  at  lenglli.  about  twenty  years  ngo,  Mr.Ekman.  an  eminent  uonmafltcr 
of  Sweden*  ciune  to  ShefheUt,  and  was  nhown  some  files  iu  the  cut  state  with 
this  fault ;  he  exprcs&tid  an  opiuiou  tljut  he  knew  what  it  was,  and  could 
fiend  a  few  bars  for  trial  which  he  CTcpei^ted  would  be  free  Irom  it.  He  did 
BO  ;  they  were  converted,  but  not  used  until  his  next  viait  to  Shefiield.  when 
the  trial  was  mnde  in  his  own  presence,  The  caoae  had  been  fi:mnd  and 
the  remedy  applied  ;  tlie  files  were  without  white-looae.  He  then  explained 
the  cause  of  whit»-looaa  by  saying — *'  In  my  country  we  use  wood-ashes, 


mroUB  AWD  DOUBLE  SHBABHRBBt.  945 

^^^^^^^,m  •  '         •       • 

I  ™"  WS7  that  you.  use  welding-Bind  at  your  fbrgOt  when  we  weld 
IB ;  and  it  Ib  aothing  hat  w<x)d-«8hes  mixed  with  the  iron.  The  bam  I 
fon  I  saw  made,  and  would  not  allow  the  men  to  use  ashes."  This  may 
BBeM  hint  to  some  other  Swedish  iron-masters  even  now. 
Br^toel  from  the  oonTertin^Amaoe  is  made  into  single  shear-steel  and 
Ib  ihear-Bteel,  which  will  differ  in  quality  and  Talne  with  the  quality  of 
BPBteal  from  wfaidh  it  Is  made,  and  the  judgment  and  care  of  the  person 
BskctB  the  iteeL  This  name  was  given  to  it  because  it  was  the  kind 
$ot  the  Uadee  of  ahearBt  Ibnnerly  employed  for  cropping  woollen  cloths. 
ie  BheBMteel  is  distingnlahed  by  a  single  representation  of  a  pair  of 

I,  and  doable  shear  by  two. 

distinction  indicating  the  hardness  of  double  shear  was  adopted 
GaMiB.  Walker.  When  harder  than  usual,  it  was  double  spur ;  and  when 
ixd  BB  tt  eoald  be  made,  it  was  double  spur  and  doable  star.  The  two 
'  BBTBT  oo^t  to  be  attempted  in  any  but  the  best  of  the  second  marks. 
lood  shear-steel  may  be  made  by  following  the  practice  of  a  maker  who 
B  hi^  reputation  for  it,  which  was  this : — He  used  GL,  W  and  crown, 
f3tF  bar-iron,  converted  to  a  hard  shear  heat;  broke  the  bars  himself 
pJBBSi  about  sixteen  inches  in  length,  carefully  examining  both  ends. 
,  BB  h«  judged  unfit  for  the  purpose  were  put  into  two  different  places — 

0  be  reconverted,  the  other  to  be  melted.  That  which  was  soitable  was 
Bd  Into  four  classes,  according  to  the  degree  of  conversion  each  had 
red.  The  lowest  degree  received  a  chalk-mark  lengthwise  of  the  bar, 
h  WBB  understood  to  mean  that  it  was  suitable  for  table  cutlery.  The  next, 
[  thofon^y  ocmverted,  was  fit  for  tools,  and  such  as  was  sent  as  double 
r  into  the  country:  this  he  did  not  mark.  The  next  was  harder,  and  would 
r  doable  spur,  or  for  such  small  slecb  of  doable  shear  as  had  to  be  tilted 
iBBVing  the  forge.  He  marked  this  H,  and  the  hardest  HH.  By  this 
Ib  sorting  the  steel,  a  much  better  article,  with  a  higher  degree  of  oni- 
ity,  vosulted  than  coold  have  been  produced  by  the  indiscriminate  use 
s  same  marks  of  bUster-steel. 

mth  articles  of  large  dimensions  or  otherwise  difficult  to  produce,  OL 
bis  &Toarite  mark,  while  W  and  crown  stood  next.  The  practice  is  to 
tiie  pieces  of  bar-steel  to  a  red-heat,  and  draw  thorn  under  the  forge- 
aar  to  about  1^  or  1}  inch  broad,  by  i  or  fths  of  an  inch  thick ;  six  or 

1  of  these  pieces  are  laid  one  upon  another,  with  one  end  in  an  iron 
widi  a  handle  to  it,  while  a  wedge  is  driven  in  to  bind  them  together. 

r  are  now  put  into  a  hoUow  coke-fire,  urged  by  a  soft  blast,  which 
ts  of  being  regulated  and  heated  gradually  up  to  a  welding  heat: 
ig  this  time  the  sur&oe  of  the  bars  is  covered  with  clay  beaten  fine, 
Bp;^ied  daring  the  heating  to  exclude  the  air  and  prevent  oxidation. 
II  heated  sufficiently,  they  are  placed  under  the  hammer,  and  care- 
welded  together.  Snpposing  this  to  be  done  at  a  forge  worked  by 
rpower,  the  hammer  remains  at  rest  while  the  steel  is  heating ;  when 
ready,  the  attendant  at  the  shuttle-pole,  as  it  is  called,  is  told  to  draw 
InttlB,  iHdch  he  does  gently ;  and  as  soon  as  the  hammer  begins  to  rise, 
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the  farifeman  bwIhi^h  iliis  healed  bojs  upon  the  auri]  tH^i*re  Hie  hammer  luUii 
agnm.  The  speed  of  the  hammer  id  regulated  by  throwiuy  more  or  leea  ftMv^j 
of  WAtor  upon  tha  whot^l,  which  tJie  forg^eman  duTi^lt;.  lu  welding,  Uie  apuMi 
requires  to  be  very  slow,  the  hamtaarbeiiig  suffered  to  rest  a  Hu>meiil  between 
each  blow  delivered  upou  tbf)  steel.  When  the  bars  are  fimil}^  attached,  tiic 
epeed  is  iucreaaed,  aud  the  ateel  drawn  down  to  about  twu  lachea  a^uuvi 
the  hoop  13  tlicn  dctaohed,  the  end  just  welded  taken  hold  of  with  a  pair  oi 
toDga,  and  the  otbor  end  heated  aud  welded  ia  the  same  manner,  Ii  is  now 
flingle  shear,  and  may  be  imished  ta  any  size  reqiiired ;  if  ordered  for  »aj 
fiat  B)Ze«  sucli  $^  i\  inch  fay  ^  tiicli,  the  flat  way  of  the  bar  should  run  in  the 
same  direction  in  which  the  bara  wcry  laid  togetl»er.  This  rule  ahoald  h. 
imiTereaUy,  aud  wiUl  double  ehcar  as  well  as  single  shear  ateeL  Xo  mii 
single  shear  into  double  shear,  the  bar  mado  as  above  deaeribed  is  broken  ia 
the  middle*  tlie  two  pijiicea  laid  together,  and  welded  a  second  tbme,  and  agala 
drawn  to  tlie  required  aize.  By  this  double  operation,  the  sbeeL  bxjtcoi&M 
more  homogeneous,  and  of  a  fiuer  texture,  from  tlie  tuecbanical  ebngatumof 
the  fibre;  so  that  any  inBtniment  mode  from  it  wiU  receive  and  retain  a  iiuer 
edge.  Bnt  there  is  one  dJaadvaDtage  atteuding  this  second  welding,  wLidi 
often,  witliout  gre^t  care,  more  than  counterbalnnceB  any  OLdrantagea  to  be 
derived  Irom  it,  and  wliidi  would  deU)r  many  porsons  from  emph>ying  doubk 
Bhear-steel  in  largo  Eiquare  eizee.  e^pocially  for  makiDg  Bcrew-taps,  or  for  U17 
BimJJar  purpose.  They  woidd  bo  vei^  likely  lo  split  down  the  middle  in  the 
hardening  proccBs,  and  from  tlie  following  eauBea : — lu  the  second  operatkn^ 
the  6uelj'  powdered  clay  u^ed  in  the  6rst  welding  not  only  fuaea  and  apreaiU 
on  the  biu-3,  but  ruimhig  between  them,  Uiere  becomes  imprisoned*  tbiu 
preventing  the  necessary  union  of  the  bora.  For  thia  reason,  where  th« 
eiie  required  can  be  obtained  in  eingle  shear,  it  ia  iuore  to  be  depetulcd 
upoa  than  the  double  Eh  ear,  provided,  of  cour&e,  the  beat  bar  is  used  in 
the  mttnufactare.  Wlion  the  aize  required  is  larger  than  can  be  obtained 
at  the  firat  welding,  tlie  extra  aize  t^hould  be  got  by  making  it  npon  a  ataft 
This  ie  more  troublesome,  and  requiroB  tlie  ateel,  to  succeed  well,  not  only  lO 
be  of  tJie  very  liest  quality,  but  to  be  equally  conrertcd.  This  oiieratiou  ie  u 
followa  :■ — The  bar  of  mngle  ahcar,  wliieh  should  be  aa  Itu^  aa  it  can  be  made 
in  the  &r«t  instance,  is  welded  upon  one  end  of  a  atrong  staff  or  bar  of  steel. 
which  is  to  eerve  as  a  handle;  the  e;iLtra  size  l>eiiig  obtaiued  by  welding  upod 
this  steel  additional  pLeeoB,  ane  by  one,  aingly. 

The  far[4^-hammer  for  tliia  purpose  sliould  be  C  or  7  cwt.^  and  wat^^pottex 
h  preferable  to  steam,  because  the  motive  power  being  uDconnecbed  with  any 
other  maehinery,  it  cau  be  regulated  so  as  to  run  slow  for  weldiitg  and  £l4t 
for  drawing.  Where  stejun-forgea  are  used,  they  are  generally  in  co 
with  other  machinery  re*iuiring  an  uniform  motion,  tints  neeeaaita 
uniform  sp(?ed  m  tlie  forge,  which  ia  not  so  well  in  &hear^teel  maldng, 

0aiit^Siefll*^-Tht3  invention  we  owe  to  Benjamin  Huntsman,  ojn  iagenia'Qa 
And  fikilfiil  mechanic,  who.  about  the  yeac  1740,  appears  to  have  perfifNrted 
his  invention,  and  begun  to  maJca  tha  steel  for  sal^  wliioh  is  now  kiiown  aa 
Huntsman's  cast-steel  in  «verj  civilized  cotmti^  of  the  world.     It  ia  aaid 
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fbat  Mr.  Huntsman  first  directed  bis  attention  to  tlie  making  of  a  more  per- 
fect kind  of  steel  than  any  then  procurable,  because  he  was  annoyed  hy  the 
imperfection  of  the  watch-springs  supplied  to  him  in  his  business  of  a  watch- 
ttaker;  but  this  was  probably  not  the  moving  cause,  for  he  had  less  to  do 
iritli  wutches  tlian  with  clocks,  smoke  jacks,  roasting-jucks,  and  other 
mechanical  contrivances,  on  which  he  spent  much  time  and  took  pleasure  in 
esennsing  his  skill,  but  by  no  means  to  the  exclusion  of  other  subjects  of 
inTestig^tion,  for  he  was  a  man  to  whom  information  on  all  sulijccts  was 
welcome.  He  had  a  high  reputation  as  an  oculist,  and  also  for  his  know- 
ledge of  medicine;  his  advice,  therefore,  was  much  sought  after;  and  thus 
he  lived,  at  the  time  he  made  his  experiments  on  steel,  in  t])o  exercise  of  a 
kind  of  diffusive  benevolence,  at  the  village  of  Handsworth,  near  Sheffield,  a 
nepected  and  worthy  member  of  the  Society  of  IVicnds. 

Mr.  Huntsman's  descendants  have  no  written  records  of  the  early  experi- 
ments made  by  him,  and  tlie  amount  of  success  or  failure  which  attended 
them ;  bat  there  have  been  found  at  diHerent  times,  other  raemoiiala,  which 
testify  more  impressively  than  words,  that  he  shared  the  nsnal  fate  of  in- 
ventozs  in  repeated  losses  and  disappointments.  These  memorials  are  in 
the  finm  of  many  hundredweights  of  steel,  found  bnned  in  the  earth  about 
the  monn&ctory,  in  digging  foundations  for  buildings  or  otlier  excavations ; 
•nd  it  is  in  all  the  states  which  might  bo  expected  from  imperfect  melting, 
flrneibleB  giving  way,  &c.  From  the  situation  in  which  it  is  found,  it  would 
l^peur  that  ench  failnies  were  regarded  by  him  as  so  much  spoiled  steel,  of 
which  nothing  could  be  made,  and  it  was  buried  in  the  earth  as  waste. 

Now  that  the  casting  of  steel  is  become  the  most  important  of  our  local 
fannohes  of  trade,  and  everything  required  for  the  successful  practice  of  it 
provided  in  abundance,  it  is  not  easy  for  us  to  appreciate  the  difficulty  of  the 
tot  attempt  Mr.  Huntsman  had  to  invent  the  furnace  and  fiud  out  the 
matflorials  it  should  be  bnilt  of; — to  find  something  that  in  the  form  of  a 
omeible  would  bear  the  heat  and  hold  the  steel,  which  no  crucible  then  in 
UM  wonld  do ;  to  find  what  fuel  wonld  produce  such  a  heat,  and  where  it 
Gonld  be  obtained.  Ingot  moulds  were  not  then  cast,  nor  hoops  and  wedges 
made  to  hold  them  together ;  nor,  in  aliort,  any  of  those  things  done  about  a 
Belting  furnace  with  which  we  are  so  familiar ;  indeed,  it  is  only  when  we 
tiyto  place  ourselves  in  imagination  in  his  situation,  that  we  become  sensible 
howgreat  his  difficulty  must  have  been  ;  and  yet  his  genius  and  perseverance 
overcome  all,  and  steel-casting  was  in  his  hfetime  in  all  essentials  what  it  is  now. 

Mr.  Huntsman  having  perfected  his  invention,  was  not  of  a  disposition  to 
mkethe  greatest  commercial  advantage  of  it.  He  cared  little  for  mere  money 
making.  The  excellence  of  his  steel  brought  him  reputation  and  business ; 
and  what  came  in  this  way,  almost  unsought,  he  attended  to  wiUi  care,  but 
ha  never  condescended  to  push  business  by  any  of  those  arts  which  are  now 
•0  eommon.  It  appears  that  about  the  year  1 770,  he  removed  to  AtterclifTe, 
in  the  parish  of  Sheffield,  where  the  business  has  ever  since  been  conducted. 
This  would  be  when  he  was  near  70  years  of  age.  nnd  six  years  before  his 
death  xu  1770,    His  son  and  immecliate  successor  attended  to  so  much  busi- 
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ness  Ofl  the  w^U-deserved  repntatijon  of  the  ateol  brought  to  hinL,  urilhont 
much  exGrtion  on  hk  own  part.  One  line  of  condnct  bos  diaTa£tcrk«ii  tbo 
HuntsmanR  tliroUj^hoiit,  and  ia  ha  atiictly  obaerrod  now  03  a1  any  fonBeir 
period.  They  make  6t«el  of  tlie  best  quality  only.  The  differences  betwt-ea 
the  proceBB  aa  Mr.  Huatfimtut  left  it  ttud  that  now  eicpli^y^,  BJid  hcreintJttt 
dftficiibcd,  ky  in  these  partioulArs.  In  his  timi3,  and  many  yeans  aftertraids. 
t/aly  one  cnicible  was  put  into  the  fumftoe-hole — now  two  Are  put  in ;  sod  t^ 
pot«  held  ahout  half  as  much  hs  tboae  now  ufied. 

He  u&cd  a  flux  ooid  to  !:>«  of  broken  bottle  glass,  not  with  ihe  expe«tfttiao« 
io  far  ft8  is  koowTi,  that  it  would  in  any  way  iroprOTe  the  steel,  btit  only  to 
make  it  melt  more  readily.  Tbase  who  followed  him  implieitly*  without 
kuowuig  why,  did  tbo  eame,  but  others  invented  lliutes  for  themselTes;  «nd 
fifty  or  sixty  years  a^o  ''  l^uxiug  the  pots'*  whs  the  grand  mystery  of  sumo 
steel  tni^li»^i*aT  who,  considering  themselves  a  sort  of  Ad^Hy  would  not  tUow 
tlieir  worlcmeii  to  flux  the  pota,lea»t  Uiey  should  obtoin  posAe-Sftion  of  th«  secret, 
and  become  Adepti  also.  They,  therefore,  performed  that  ceremony  for  them- 
selvea ;  but  in  prooesa  of  time  It  was  found  that  steel  would  melt  very  vitU 
without  any  Htix  at  all,  and  tlie  practice  ha«  be«n  di£«ontintied  many  yean. 

Mr.  Huntsman'a  procege  was  long  kept  secret,  and  waa  only  rebelled, 
flay  the  popular  traditions  of  Sheffield,  by  an  act  of  more  than  doubtfiU  mo- 
rality on  the  part  of  a  nvvl  manafacturar ;  for  the  Hontsmmia  had  now 
become  leading  manufacturera  of  at«el.  The  workn^en  admitted  vrere  pledged 
to  Bevrecy,  and  eve^  care  wa»  taken  to  prevent  its  betnyal;  but  it  wu 
betrayed  nevertheless. 

One  cold  wtntere  night,  whilo  the  snow  was  filing  in  heavy  fiafeea,  and 
all  was  darkncsa  and  gloom,  the  manufactoty  at  Attercliffe  threw  its  red  ^ar« 
of  light  and  Some  of  its  reilecti^d  heat  on  the  neighbourhood,  and  on  in 
object  of  the  moat  abject  appearaiiOQ  who  proaented  himself  at  the  antraaWf 
praying  for  permisdou  to  ahare  the  warmth  and  ahelter  which  it  ofletad. 
Th9  humane  workmen  found  the  appeal  irredatible,  and  the  apparent  begg^ 
man  was  permitted  to  take  up  hia  quartern  in  a  warm  oom^  of  Che  boikUng* 
A  careful  examination  would  have  discovi^red  little  real  sleep  in  the  dtoinD' 
n^B  which  seemed  to  overtake  tlie  atranger-viaitor :  eagerly  did  he  watch 
every  movement  of  the  workmen^  while  they  went  through  the  ope>rAlic»iiB  <A 
the  newly-diacovered  process.  He  obaerv&d,  Hr&t  of  all,  that  bam  of  blistond 
steel  w«re  broken  into  email  piocea,  two  or  three  inchos  in  leugtb,  and  phucd 
in  crucibles  of  fire-day.  When  nearly  fall,  a  little  green  glasg  broken  into 
Bmall  fragmenU  waa  spread  over  the  top,  and  the  whole  covered  over  nilh  a 
closely-litting  cover.  The  crucibles  were  then  placed  in  a  furnace  previously 
prepared  for  them;  and  after  a  lapse  of  from  three  to  four  hours,  during 
wliich  the  crucibles  were  examined  &om  time  to  time,  to  gee  that  thd  metal 
was  thoroiighly  melted  and  incorporated,  the  workmen  proceeded  to  lift  tb^ 
crucible  from  its  pkce  in  the  furnace  by  mean&  of  tonga ;  and  its  molten  ooo* 
tenia,  blajfing,  aparkJing,  Eind  spurting,  was  poured  into  a  rouuld  of  CW^ 
iron  previtjualy  prepared ;  here  it  wels  aufiered  to  cool,  while  tha  omciblM 
were  again  filled^  and  the  process  repeated.    When  cool,  the  mooM  wta  Tatf 
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■ovwad,  and  a  bar  of  cast-Bteel  itroBented  itself,  which  onlj  required  the  aid 
of  die  hammennan  to  foiin  a  finiahed  bar  of  casfrsteeL 

How  the  vnanthortzed  spectator  of  these  operatiouB  effected  his  escape 
wlttumt  detectioiir  tradition  does  not  say ;  but  it  tells  us  that,  before  many 
p^w**** had  paaaed,  the  Huntsman  manufactory  at  Attercliffe  was  not  the  only 
-one  where  cast-steel  waa  produced.  However  that  may  be,  the  discovety  of 
tlia  elder  Huntsman  led  to  enormous  results  for  Sheffield.  Tliere  is  no 
ebilized  country  where  Sheffield  steel  is  not  largely  used,  either  as  a  finiahed 
|MM  of  oatlery,  or  as  the  raw  material  for  some  home  manufacture. 

Vot  Olay  and  Vot  Maklnf . — The  best  clay  is  dark  gray,  approaching 
toUaek;  and  when  fresh  broken,  presents  a  veiy  smooth  shining  sur&ce. 
Bnch  as  have  any  tinge  or  streak  of  yellow,  and  break  with  a  dull  fracture,  con- 
lain  oohre,  and  are  unfit  for  the  puipose.  Before  suitable  clay  was  found  at 
StOTfiington,  Crawshaw-head,  and  Ashby-delsrZouch,  the  Stourbridge  clay 
Mat  «t  ^effield  four  guineas  a  ton :  it  now  costs  less  than  half;  and  that  found 
iieaier»  atill  less.  The  clays  are  generally  used  mixed ;  they  should  be  care- 
ItaBy  leapt  clean  and  diy.  When  required,  one  day's  make  is  put  into  a  tub 
or  atone-trongh  and  moistened  equally,  laid  upon  the  floor,  and  tempered 
lij  treading  with  the  naked  feet,  first  in  one  direction  then  in  another,  mov- 
bg  the  feet  two  or  three  inches  at  a  time,  frequently  turning  it  over  with 
a  spade,  and  throwing  the  outsides  into  the  middle,  taking  caie  ^at  the  whole 
goli  trodd«n  equally.  This  labour  is  continued  six  or  seven  hours,  when  that 
whiflh  had  at  first  scarcely  any  adhesion,  becomes  a  tenacious  and  ductile 
The  pot-flask  or  mould,  and 


l^og,  are  usually  in  the  form  shown  In 

ng.  8.  The  pot-mould  is  of  cast-iron, 

widi  two  ears  cast  upon  it  to  lift  it 

by.    Ua  inside  is  the  shape  of  the  out- 

vkla  of  the  pots ;  it  is  tamed  smooth, 

and  la  open  at  the  bottom  as  well  as     q 

■t  the  top.  There  la  a  loose  bottom  to 

fit,  but  not  so  small  as  to  pass  through, 

wbieh  has  a  hole  in  the  centre  three- 

-qnaiters  of  an   inch  in   diameter. 

When  in  use,  it  stands  upon  alow 

poet  firmly  fixed  in  the  ground,  which 

hM  also  a  hole  five  or  six  inches 

dMp  in  its  centre.    The  plug  which  rig.  8. 

fscms  the  inside  of  the  pot  is  of  lignum-vite;    It  has   an  iron   centre, 

which  projects  through  it  about  five  inches,  corresponding  in  size  with 

Am  hole  at  the  bottom  of  the  mould.    The  clay  for  each  pot  is  weighed, 

And  about  24  lbs.  is  used  for  each,  which  is  moulded  upon  a  strong  bench 

into  «  short  oylinder.    The  inside  of  the  mould  having  been  well  oiled  with 

whale  oil,  the  clay  is  dropped  into  it,  and  the  plug,  also  oiled,  is  forced 

bto  the  clay ;  while  the  projection  finds  the  hole  in  the  loose  bottom  in  the 

oentre  of  the  mould,  whidi  guides  the  plug.    The  plug  is  driven  down  two  or 
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thre^  mches  by  U^e  biou's  (if  a  heavy  mallet  oil  Uie  top  of  Lhe  Iran  bead ;  iXw 
then  taken  out,  to  be  oiled  agoiii,  by  pntliug  a  piece  of  rouud  iron  thnM^fh 
the  hole  IB  the  uron  head  to  lift  by.  ^ving  it,  at  tha  eome  time,  a  »crewing 
motion.  It  is  then  driven  by  tiio  mailetj  while  the  clay,  mijvg  up  between 
the  plug  ami  the  mould.  Feft*!UeH  thu  tiip.  The  clay  ia  cut  eveu  with  the  top 
of  the  infHild  with  a  knife,  iind  the  plug  taken  oat ;  the  pot  is  then  tai- 
rowed  at  the  top  hy  paeaing  tlie  knife  round  between  it  and  th«  flack  ox 
mould  several  timeSt  holding  it  incliiLed  toirards  its  centre.  The  mould 
ia  itow  taken  and  Bet  n'lth  its  looae  bottom  upon  a  small  p{}st  £2ed  in 


the  Uoort  and  the 
man  gently  allows 
the  weight  of  the 
mould  to  rtat  upoa 
it*   wljidi    pushes 
up      the      hoitfun 
with  the  pot  upon 
it ;  and  the  hole  be- 
ing  filled   with   a 
bit  of  f  luy^  it  is  (in- 
iahed.     When  th« 
pots  are  su^- 
dently  hard 
to  bear   hand- 
ling, they   are 
placed  to  dry 
upon    row3   of 
BlK^lve^ai^uizi^t 
tJie     flues     in 
thfi  furnace. 


Fnroibcei, — The  form  of  the  melting  furnace,  and  the  direetian  of  fh4 
fire  and  ilucs  -nrill  bo  undersiood  from  the  accompanying  engravings.  Fig.  I 
rapresentH  the  aectiiin  of  a  ten-holo  melting  furnace,  showing  the  direction  of 
tlie  iluf^.  and  the  form  of  the  hciles  when  about  half  wurn,  with  one  row  of 
the  poli»  in  their  ]>]acGs  :  1  to  10  ore  the  fluea  of  the  meltmg  holea,  eaoh  erne 
of  wldch  ia  carried  up  ecporatcly,  and  lined  wiUi  Erehrick  to  the  top ; 
11^  an  open  fire-grate;  12,  the  anDeoliug  grate,  dosed  In  front  by  a  ea^ 
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metal  plate,  rather  broader  than  the  deptli  of  the  melting 
pot« ;  A  B  C  tiiree  broad  bara  of  iron,  bolted  to  otliers  at  tjio 
buck  of  the  flues  bj  croas^barer  to  tie  the  diimney-Btaok 
firinlj  together. 

The  forms  of  the  furnaces  or  holes  are  reprpsented  sa 
tliey  are  when  about  half  Tvoni.  \\Tien  they  become  so  wide 
aj»  to  waste  the  coke,  tho  ivhole  matcnaJs  of  Ui^  old  mcldng- 
hoI«s — reprGseiLtcd  oa  tho  cross  fiection  as  occupyiDg  a  space 
of  3  feet  6  inches,  by  3  feet  3  int^hcs — &ie  tuken  out,  and  iiew 
ones  btdlt  of  a  kind  of  natural  fuced  fire  etonc  like  flags,  from 
2  to  ^  inches  tliick,  cut  into  piecea  7  or  B  inches  broads 
These  UHually  laat  four  or  five  wo«ka  before  they  want  re- 
moving. 

The  cross  section.  Fig.  ft,  sliows  the  position  in  which  the 
two  pots  stand  in  the  hole,  and  the  covtij  in  its  usmiJ  posi> 
tioQ. 

Th«  coTer-frftme  is  made  of  wrought- iron  3  inches  broad 
by  |ths  of  an  inch  tiiiok,  A  largo  fire-brick,  made  to  fit,  is 
held  iu  its  place  by  the  movable  bar  of  iron  being  prcaaed 
agalnat  it  by  two  BcrewB.  The  huEidLo  is  of  rouud  iron,  about 
16  indiea  long.  The  furnace  tops,  upon  ^liich  Uie  corers 
rcstp  are  of  castiron  on  inch  thickt  cnst  in  t^'o  parts.  The 
plan,  Fig.  fl,  U  a  common  arrangement  of  tlie  other  rooms 
connected  with  a  melting  furnace.  The  two  troughs  in  the 
olay-placo  are  for  wetting  the  clay  previously  to  temper- 
ing it, 

Somo  QLUiufBcitorieB,  instead  of  firo-atonei  n&e  i^hat  is 
catted  gannifiter  or  gaUiard  stone »  ground  :  or  the  dirt  horn 
qS  such  roads  as  are  repaired  with  Uiis  kind  of  stiina.  In 
that  case,  wooden  moulds  are  used  of  the  form  of  the  fur- 
naces ;  and  the  ground  gmmiater,  moiateued  with  wat«'.  is 
put  round  the  mould,  which  is  then  drawn  out    This  kind 
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of  «tt>ne  ii  found  m  irregular  m&asea^  uaually  with  fire  cl&v  imd  eta 
Bliale.    It  is  ftrgUlnoeoiu  and  very  bard. 
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BCeltlDB  &t«el, — The  prep^mtiong  for  melting  commence  tfl 
of  the  day  before,  by  makiiig  a  Qoal-iire  upon  the  grate  adjotmng  \ 
ing-grate.  The  armealiug  grate  muat  be  large  enoo^  to  botd  tT(^ 
pota  03  there  are  melting -holes  in  the  furnace.  If  that  mtmberM 
pots  are  pat  inTerted  npon  the  annealing^gratet  ^ikd  the  firebefoi^ 
pat  down  the  spaces  between  them,  which  are  then  to  be  ^ed  a; 
cover  the  pot  with  the  small  coke  riddled  from  among  the  colie  ubc 
ing :  iind  npon  these  ftgdn  the  pot-lids  are  laid.  Tliift  )9  done  in  on 
the  ^tsgontlj heated toared-hent^roodyfornextmonmig.  £ach  p 
a  Btand  and  a  lid,  aa  represented  in  Fig.  7.  In  form,  the  stand  is  lb 
of  a  cone  about  three  inches  high :  and  aa  upon  the  base  of  the  sU 
is  to  reat,  tliej  should  correspond  in  size.  The  stand  is  made  af  co 
Olay.  but  tlie  lid  of  cl^y  the  same  as  the  pot ;  it  shonM  be  a  Utt) 
diameter,  fiat  on  the  under  side,  and  a  little  oonrei  on  the  m\ 
morning's  work  Ijegins  by  putting  In  the  grate-bara^  which  had  beoi 
the  night  before  to  clear  the  fumacGs  of  slag.  The  shig  and  as 
moired  from  tlie  ash  pitSr    Kach  furnace  has  two  stands  placed  in 
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poaidoii  npofi  Lbo  gj^to  bai*a ;  and  upon  the  sULDds  two  pots,  covei^ed  vvjtUth^ 
litis,  finom  tbe  auuealing-grate.  Some  tire^  witU  a  HttJe  cea^  and  aooit  after  fiomd 
Mike,  is  put  dn ;  and  when  this  baa  burnt  up,  sufficient  coko 
to  eox'er  tlio  pote  r  when  tho  furnace  and  pots  are  at  a  wMto 
heat,  the  si^l  luny  be  put  iu>  Tha  steel  bs^ng  been 
brukmi  aiid  6«ldCted  for  the  iutetidoit  purpose,  weighing  aaj 
&4  Ibn,  ivT  each  pot^  is  put  into  pang  of  iron  or  steel  plato. 
Tm  cJiarg^  a,  pot,  tho  Lid  is  taken  oil,  and  Ihe  lower  end 
of  a  cnaicjil-sha]X!d  funnel  (Fig.  T)  placed  over  ihe  pot, 
dowTt  wUi-iU  Uie  Btcol  ia  gently  put  by  one  man,  while  ano- 
ther with  li  long  poker  puts  the  steel  in  the  ht'&t  po&itioiis  be 
etn  Tor  iiiHlong  tho  pots  huUI  it.  The  lid  is  then  replaced; 
•bd  lliu  otlior  pot  bciug  charged  in  tho  same  itiiinmer,  the  fur- 
aaee  ia  lillcd  witJi  coku,  and  the  cov«r  put  down,  Alt  the 
Dtlier  pois  BJre  slealGd  in  the  wime  WBy»  Afterwards,  as  the 
(irefi  require  raora  {.'oke,  Che  foreman,  as  he  goea  round  look- 
iiti;  ut  WiV  state  «f  tlte  fltecl  In  th<9  pots,  oidars  how  much 
oi)k«  is  to  ho  put  into  eitcb  farnnc6.  While  thiii  is  going 
on,  otlier  pr^puTAtionti  are  to  (>e  made.  SU'eL  ha^  to  b« 
brokrn  and  weightid  for  the  noxt  charge,  and  jnouldn  pre- 
jjored  fuL'  Hint  in  the  furnace;  those  to  be  iised  ara  ^viped 
^^illt  a  rou^h  ';lotb,  and  hud  ivilh  their  iDsid^H  dovnwarda 
ajK>n  two  3i-roi»g  bars,  raiadd  a  little  above  tlie  floor;  then  a  Bhallawiron  diah 

ia   token »  and  Honie  tar  pouptid 

into  it^  and  fired,  by  baving  a 

piece  of  hot  coke  pot  intti  it ;  the 

dish  is  then  held  under  the  moulda,  and  moved  abont, 

to  smofcc  Ibem  vi'ith  the  bkdtig  tar.    This  is  dune  tn 

prevent  tlie  ftteel  ndlipring  ;  oil,  or  anything  that  would 

beootne  gnaeous,  being  inadmiBaible.     Tbe  moulds  oro 

now  pnt  together  in   pairs,    with  twq  etroiig  xrun  hoops 

round  each,  fttstened  by  driving  in  wedyos  between  the 

moulds  and  hoops. 

If  tht^  fuma«Q  have  tan  or  twelve  holea,  two  of  tlse 

men  prepare  themselves  for  Ukinjf  out  the  pots,  by  tying 

three  or  four  thickuetiaes  of  sackcloth  upon  tlie  front  part 

of  tlieir  legfl,  from  above  the  knees  down  to,  and  so  as  to 

coTer.  thw  fronts  of  the  shoes.    Tliis  sacking  is  made  quit* 

wet,  fts  al»o  is  u  short  apron,  and  a  kind  of  Bleeve  of  'ho 

Eiune   eoverinp   the   hand   and  ami  placed  lowest  and 

nearest  the  pot  when  taken  out.     Before  the  steel  is  well 

melted,  it  uppeaTH  t^n  be  in  &  elate  of  ebullition  ;  but  when  it 

h  ready — wiwh  is  known  by  itg  cleBi  Burfnce  and  its  resting 

in  tlio  put  without  motion,  and  rcoembling,  in  ita  dnz7ltt)g 

brillxAncy,  tbe  snn  on  a  ckar  day  more  thtm  an3^iug 
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Supposing  the  steel  to  be  for  dlting  ingote,  the  cooiilds  for  vrhich  are  ii«ri 
thtQG  (fxi  ^Dng,  two  of  the  moiiJds  are  placod  m  a  hok  in  the  floor,  Euadfl< 
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porpofie,   ftbobt  eighteen  inches 

decpf    Atid    placed    aligbtly  in* 

cliued.      AU    being   ready    for 

''  teemiiiir."    tlie    farcman    says 

xvliich  pole  are  to  be  tiJcen  cnit 

tirut ;   tliii*  cijver  of  tbe  fura«<^e 

is   rniaQd,  and   a.   man   wiUi   ft 

pairof  iungs  (Fif».  JUl  o1a»pa  the 

put ;    mill,  ascertjiinijig  IhHt  it 

in  Hot  fiiat  by  id]*;litly  movbii? 

it.  he  HBilHenly  BtLwspa  down,  mid 

takiJtic  bjAVtr  hoh\  of  liie  tone's, 

raises  hmtaelf,  briuj^g  np  Ul« 

pot  Hnd  Jiuifling  it  on  llie  edfrc  nf 

tJiw  bole ;   UtPb,  by  ft   gvnn^ring 

motioUf  hi}  moves  it  to  ei  jiittnl 

plato  in  tht  floor*  where  Uie  Blag* 

which  goriemUy  «dheroe  aboat 

tha   jtutctiou    of   the    pi>t    uiiU 

atand*    iioir    firmly    tiuit4?d,    ia 

dressed  off  by  »  long  boiivy  rod 

of  Bt«el.  Hlm[wd  at  the  cirnl  Uko  a 

diist^h    Hjc   force   repaired  to 

do  tliia  IB  often  very  ^mut, 

and  severely  testa  the  teu& 

eity  of  tJie  pota.  which 

tliat   high    tejnperature   is 
^'  **  vurpriaLD^ly  grent,  for  they 

are  never  injured  by  thia  i-ougU  truwlmDnt.  The  pot  is  then 
moved  elo^  Lo  llie  mould,  whc^re  t]io  tann  who  ha^  to  poivt* 
the  steel  into  it  ctaapn  the  pot  roimd  the  midfUo  with  the 
tougs  (Fig.  0) ;  the  Ud  is  taken  oiT  by  thb  man  who  drew  it 
out*  and  tiie  atoel  poured  |j^intly  iuto  tJie  motild.  c^apecially 
tlje  latter  part  of  it,  ^vliich  is  rtoue  to  prevent  so  deep  a  hol- 
low in  the  t<:ip  of  the  iiigot  iis  vvotUd  he  made  if  t>ie  Bt*el 
wore  poiirod  in  too  rapidly.  The  aleel  in  contucC  \vitli  tlie 
cold  muuld  beeomcs  aohd  ftlmost  immedifttely,  while  that  in 
the  niidiUo  eonLrncts  as  it  hi'^nR  it^i  ualoric ;  and  tlie  slow 
pgm'iiig  ifl  lo  Ijl!  the  hollow  thus  ocoatiioned.  and  prevent  wnste.  "W 
CM1&  is  pounng,  anotliar  maji  &tands  with  a  rod  of  sUel  in  hia  hand,  xi 
to  Btop  from  going  iiiLo  the  mould  any  scoria  wliich  may  float  upon 
tt>p  of  the  mcdtud  ateeU  of  whidi  there  is  a  considerable  quantity  when  n 
gEuiesjo  hod  been  usod,  but  little  at  none  where  good  at^el  has  been  uiclled 
$^.    As  soon  as  the  pot  la  empty,  the  lid  ia  put  on,  and  it  ia  replaced  in 
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d  the  name  iLtiviiig  been  dooa  with  tlie  otlior  poU>  u  quautlty  uf 
in,  and  tlie  hole  covered.  Wlien  ana  mEt.it  h&i  taken  out  Lia 
■c  pats,  the  other  ttfcUest  out  hU  nmubei-;  aud  each  hoU,  as  tU« 
aood,  rsccives  a  uhari^e  of  coko,  and  iv  co  vermis 
'  short  tiiii4S^  two  laouIiLt  filled  widi  Hteel  may  be  itilc^n  ont.  aud 
ith  their  apptfT  ©mia  supported  a  tew  inches  abuve  the  Uoor,  ujion 
ouldii  laid  for  the  purpose  of  facilitating  the  kuoeldDg  otl'  the 
ikiug  out  the  ingota.  Thie  la  done  in  a  few  minutes  after  tht^y 
I  they  ikta  then  carried  into  the  yard  to  cool, 
e  coke  put  iuta  tike  hoiGS  after  the  empty  pots  haa  hc^n  h\it}]i;d 
not  to  be  higher  than  the  pot  lids,  a  fresh  chaise  of  st4^cl  is  put 
foraaer  proceea  reptatGd.  a  B^ctod  and  a  tljird  time.  Attempta 
lade  to  carry  it  to  a  fourth  rouud;  but  this  has  been  abandi^ued, 
of  fttiliiii^  potH  causing  it  to  be  attended  with  Iobh. 
I  &eiDarka. — Tli^  j^roat  extaut  to  wliifli  fust-slcel  is  now  us^d 
it  was  thought,  would  justify,  if  not  demand,  tbia  minutencRb  uf 
I  concluding  obsarvations  will  bo  more  general.  If  Eoft  iind  hard 
fltmar!cs  cast-atecl  arc  to  be  made  the  satne  day,  Die  si>it  Btecl 
it  in  thu  first  round  only,  for  it  requires  the  greatest  \uitil  and  tlie 
Jid  flhotUd  be  done  while  tlie  pots  elto  in  the  heat  couditiou.  For 
isou,  if  hpavy  and  h^ht  ingoUs  have  to  be  made  of  Ulc  siune  ateel 
the  heavy  should  be  in  tho  fi.rst  round,  and  the  light  in  the  last, 
Imay  be  mode  directly  from  tlio  iTTouyht  iron,  williont  previously 
tJie  [n-i»cea8  of  converting ;  and  when  thiit  in  done,  tlie  bar-ii'on  is 

0  biU  1^  or  2  inch^a  long  by  the  larjt^e  sheara  of  a  roUuig  miLL 
I.  of  tliese  liits.  with  some  cburcoiil,  are  put  liito  each  molting  put, 

of  charcoal  di^pending  upon  tlie  u»e  tite  utcel  la  uitoiulcd  for.  If 
s,ah()ut  d|*ht  ouucca  will  be  a  proj>or  quoatiLy.  This  metliud  uf 
referred  for  some  purposea,  but  is  not  adopted  extensively,  bifing 

1  expooaire  thitu  tlio  usual  method  ;  for  the  cutdiig  of  the  iron 
as  much  as  converting,  and  tlie  malting  rL'i]iuii'efimora  tdme>  more 
latfi  more  iu  otbor  respects. 

rger ingots  than  one  pot  will  coutnin  arc  waut^nl — H-llhs.  or  70  lbs., 
— moulda  made  to  hold  that  quantity  are  prnpuri'd.  Two  pots  nro 
tieir  lids  taken  oil',  and  the  ateol  of  one  pot  poured  to  tliat  of  tlie 
tlie  pot  coTtt{iiaing  the  whtile  h  poured  into  the  mould.  This 
lat  a  wGJgbt  aft  can  bo  poured  into  tlie  mould  from  one  pot,  when 
fhta  are  wanted,  say  l^Olbg,  or  130  lbs  ,  tour  pot«  are  lukon  out, 
d  of  the  four  poured  into  two.  Then  two  men  take  them,  one 
eachffSde,  and  pour  the  atsel  into  the  mould,  ouo  man  begimiuig 
re  tlie  other  ha»  done — for  if  the  stremn  be  stopped  the  ingot  ivill 
this  il  is  \tdiieh  makes  it  so  difficult  to  cast  vary  large  iiij^olti  tiy 
method.  The  men  should  bo  well  drilled.  &u  that  each  may  know 
■  to  do  iind  when  to  do  it,  bcfoFL*  the  attempt  is  made ;  but,  not- 
g  the  dillieulty^  a  sgund  ingot  requiring  about  aixty  x*°^  ^^ 
n  this  way. 
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It  is  not  many  years  isiiicc  no  iugota  of  caBtatecl  wore  made  larger 
thatt  fouli)  bo  dra\^ii  uniii^r  the  baiumt^r  of  the  Khear^steel  forgt.^ ;  but  nitii^c 
ingois  of  sflveral  himdrcd weights  each  hav«  been  mode  for  the  pistoii-rixls  of 
marineeuginesT  crauk  pins,  and  other  pi\rpi*&e3,  forges  have  been  erei^teii 
specially  fiir  draivinf;^  tJi«m,  with  suitable  fin'iiaeca  forlieatUig,  ajiiI  macluiieiy 
for  moving  them,  Some  of  the  hammers  are  oti  Uiosome  principle,  and  hfl&d 
in  tlie  same  manner  ds  those  of  the  ordinAry  iron  forge ;  ftud  Nosmyth's  steam- 
hammer  is  nJso  coming  into  use,  Uie  &st  of  them  hAvio-g  been  some  dme  at 
work  at  Shoaf  "Works. 

About  four  tous  of  hard  coke  ara  required  ta  make  one  ton  of  caat^sted. 

Fatetited  ProccvAoA. — A  motljud  of  utiitdtig  cast-etccl  to  iron  was  pa- 
tenLed  moiiy  j'ciii^  ago  hy  Mr.  Arnold  Wild,  which  was  ingemou^,  and  xai^bt 
have  been  expected  to  become  extensively  useful,  eapccJiUly  ui  those  cases 
which  require  Llie  union  of  Largo  aurfaces.  Some  dillllculties  attended  it  ui 
practice,  and  hav«  prevented  jt^  adoption  for  each  and  all  the  articles  emmte- 
riited  in  his  originoj  d««i^.  It  hsM  been,  however,  and  still  I&i  oocaeionaQj 
used  for  some  other  purputsca ',  and  on  that  aocoimt  a  abort  description.  Bhall 
l>e  ^VGU.  An  ing'ot  mould  is  to  he  prepared  aa  for  eaat^tecl  of  such  e^e  and 
ah  ape  as  th«  united  pk'ce  of  iron  and  steel  ia  iaitetided  t<i  prodiice.  A  pi^ce 
of  wroui^btiron  is  to  be  forged  &o  as  to  fill  that  part  of  the  mouM  which  is 
intended  to  be  of  wniu^ht  iron,  leaving  room  for  thai  which  ia  iiil^ndod  to  ha 
^teeh  The  steel  is  now  melted  in  tlm  usual  way ;  and  wlien  ready,  tbe  iron, 
heatod  to  a  welding  lieoi,  is  to  he  put  into  iho  mould,  and  tlio  fluid  sti'd 
poured  on  it.  The  ingot  or  slab  tbua  formed  may  afterwards  be  drawn  h}' 
hnmtneriiig  or  rolling  to  tlio  size  rt^juired.  The  practical  difficulties  are 
prini'ipQUyUiese  two: — The  eurftice  of  ^vruughtirou  at  a  welding  heat  oxidizee 
&o  rnpidl}',  that  when  tije  oxide  is  leaned  from  it  a&  well  aa  it  can  be,  just 
before  it  is  pnt  into  thei  mould,  anotlif^r  coal  of  oidde  forma  upon  it  before 
the  steel  cau  be  poured  in,  which  prevents  in  many  cases  the  p<erfect  union 
of  the  two ;  wIk'U  Umt  happetis.  the  material  ia  spoiled  and  of  htthj  valne  for 
any  purpose  whattivor.  The  oth^^r  difikulty  hos  in  the  great  fiiffereuoo  in 
the  barilne.^s  of  the  two  at  the  temperature  proper  for  drawutg  ttuHrfiteeli 
which  must  nut  bu  exoeed&d,  or  ihti  ateet  will  be  spoiled.  The  iron  extendi, 
by  reason  of  tljjg,  so  much  faster  tljaji  llie  eti^d,  as  far  to  overlap  it,  aad 
oecasiona  much  waste  of  ii'on^  for  all  tlmt  ivhich  extends  beyond  the  8t«cl  is 
cut  away  as  useless,  and  leav^^  tlio  steel  tliicher  iban  t])«  proportion  it  woa 
iittdndcd  to  b«arta  tlio  iron  ;  whilo,  without  tJmt  additional  tlisiproportion,  the 
natiu'f}  of  the  process  re<]Uires  more  stuel  to  be  u^ed  tlian  could  be  ucrcessaiy 
or  uaefnl.  Thus,  succesH  beioc  doubtfij.  nnd  when  snccessful  ^-BBteful.  Mx. 
Wild's  method  is  littie  us«d  Ilard  and  guft  caat'Stcel  in  the  Boiue  in^>t  can 
ba  madti  by  a  method  somewhat  iiiialoiffons  to  tliat  above  described  for  unitinfj 
iron  and  steely  but  much  more  practicablu  and  uaeful,  which  wna  compli' 
mented  by  tlie  award  of  a  medn3  to  Blake  anJ  Parkin  nt  tho  Great  KxliibitijD 
of  18&I.  Tliis  metliod  is  used  witli  juTcat  sur^ess  and  advantage  for  maklD^ 
such  articles  as  the  knives  of  lli£  patent  papcr-cuttiitg  Qiacbinc's;  mucliliK! 
plane  irona  ;  the  knives  of  tobacco  cuttuig  maclLines;  cork  kniree ;  and,  ia 
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general,  for  any  description  of  large  machine  knives  reqitiriny  n  fine  cutting 
edge  of  tlie  best  custi^k'd*  with  b.  htuik  of  r  soAer  and,  witliout  detriment  to 
the  utility  of  tlio  artk^e,  cheaper  material. 

Suppose  it  ia  required  to  nuike  an  ingots  of  which  the  hard  cast-steel  shftll 
^y  cover  a  part  of  one  aide — that  which  is  to  form  the  ciittiaig,cdge.  oa  m 
p«pcr  machine  knives  and  machii^e  plane  irons.    Across  seotion  of  the  mould 

_^. — „™ _   will  be  of  the  ahape  represented  iti  Fig.  1 1  for  the  soft 

>„ j    steel;  and  a  paraUoIogram  for  the  mould  in  wliu'li  the 

1   hard  stsol  is  to  be  united  vnUi  it :  this  last  should 

^f- 11'  he  slightly  larger*  both  in  breadth  and  thicknef^s,  than 


the  other,  so  as  to  admit  of  the  soft  ingot  being  put  into  it  without  difficulty 
when  h<H.  The  soft  Eteel  ingot  is  cast  first;  and  iia  soon  as  it  bus  become 
solid  it  is  taken  out  of  its  own  mould  and  put  Into  Utc  other  mould :  and 
ihe  space  left,  which  is  that  included  b}*  the  dotted  liuea,  liUed  with  hard 
caet  stfiel.  When  the  bard  steel  is  to  be  the  whole  breadtli  of  tlie  ingot, 
it  will  eoBilj  be  seen  that  two  moulds  must  be  provided,  the  one  for  the 
soft  aleel  a  litUe  narrower,  and  from  one-half  to  two-thirds  of  tlie  thiekneaa 
of  the  nnion-moidd.  When  the  hard  etee^  is  to  occupj'  the  middle  space 
between  two  sides  of  soft  steel,  tJic  two  moulds  for  the  soft  etecl  should  tiot 
exceed  in  thickness  one  third  of  the  thickness  of  that  in  which  Uiey  are  t(>  ho 
tuiitcd.  Two  of  the  soft  ingots  must  be  cast  at  the  same  time,  t«ken  out 
Mid  plaeed  ifi  the  union-mould,  one  on  oaeh  side,  and  tlie  liard  steel  poured 
in  botwcon  then).  Another  useful  application  of  thift  pruiciple  nniy  bo 
Baado  to  the  i?aating  of  ing:nts  for  pi<itou  rods  of  steam-engines  For  this 
purpose  a  roimd  or  ocla^'ou  ingot  moy  be  cast  of  about  2^  or  3  inchos 
diameter  of  soft  steel,  taken  out  as  soon  as  it  is  solidified  and  placed  m  the 
oantre  of  another  mould  of  the  same  form,  of  4  or  4-J  inches  diameter,  and  the 
hard  steel  iramedtatiily  poured  in.  It  is  scarcely  neciessary  to  fifty  tiiat  st«jcl 
may  he  matle  with  a  hard  centre  and  soft  extenially,  by  roTerafng  the  lost- 
Dflrni^il  pn)ceae.  A  man.  accustomed  to  thiB  kind  of  work  scarcely  m^er  fails 
to  make  the  two  Botts  of  ebcel  perfectly  unite. 

KflftUt'i  Patent ,^It  is  to  be  obaened  that  throughout  tliia  proeeiis  tho 
best  Swediah  iron,  or  iron  of  a  aiinilar  eompound,  is  refpiired.  TUo  beet 
Swedish  iron,  on  Annlysis^  presents  the  following  results  : — 

Prrttoxido  of  iron    ,,.•,..    tt8' 7  8 

Carbon '&4 

i^JIicoD  , -la 

Arsenic      .,,..../.,        '02 

Copper '07 

Muugaaeso    • 07 


0U90 


From  this  analysis  it  will  be  apparent  that  manganese  forma  an  ijigre- 
di«nt  in  Swedish  iron,  while  sulphur  and  phoaphonia*  uflually  in  combiuation 
with  them,  are  absent.    Now  this  brings  us  to  a  i>oijit  tn  iho  mwnufaetiu'o 
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of  steel,  sthkti  dls^nu^i^ful  to  the  pat^^ut  lnvrs  of  this  countrj  fuid  tiome  of 
the  ste^  miLQufiiclurevs  i>f  ShefBeldf  wIiq  Imve  nvajJed  UuLasclveH  of  tbe 
loopholes  of  the  law  iv  take  »tlvutttag£  of  tlie  paUatee.  To  tell  thb  rouuicoe 
of  sliul  witli  effect,  wo  must  Unva  recourse  to  Mr.  Dickcns'a  "  IIousolioLd 
Words,"  where  the  htary  ja  initl  in  &  yeiy  grapliic  mfUuier  ;  premising.  Uow- 
0^c:r«  thftt  vfti  ahull  somutiinca  condense  the  iufonuatioa  it  coEitiuua»  and 
aouit^limcis  quote  from  Lhitt  work;  aud  a-t  otherR  avfiil  oiuraelv^s  of  other 
BourcL'^  of  informntiun. 

Not  miiny  ycavA  ugo,  a  civil  setrnut  of  Uie  Bast  India  Componv  tnis 
ro(|U6Btod  hy  o.  fmtid  to  obtain  for  him,  amoDg  other  thujgs,  some  itteelheatla 
luL*  hoar  spcai^.  This  request  wo^  iniulo  to  Mr.  JositUi  Mai^hcdl  HvntJi, 
whilo  fviUJllittg  hfa  diitiea  in  tJio  iaLoriyr  of  India ,  and  to  complv  with  his 
£i'i4>ii(r3  uitUinii,  lii^  WAS  led  to  visit  the  Indian  stc^l-workg.  He  wns  mach 
struck  witli  the  cliuusiuesa  pursued  iu  tJie  whole  proccss^-clumsinefS  u&t  to 
be  tolerated  by  «  mwi  iiaturflll}'  ciiiiL'k-T.Wttcd,  Mr.  Hcalh  n-a.B  quick-witted 
enough;  ho  hud  heen  carefully  educated  for  tlie  Coiurnny's  civil  service,  aud 
went  to  his  post  so  well  versed  in  Oriental  literAture,  that  ».  Saijacnt  Pro- 
fcssoraliip  was  offered  to  hitn  before  ho  had  attained  tlie  age  *>f  twenty -i>J3e. 

In  exocutini^  his  frieiid'a  commifision,  Mr.  Ilcatli  came  to  the  eonclusion 
tJiat  Southern  Iiidin  possessed  immense  ciapnbilitieB  for  carryiiig  on  the  iron 
and  sLeel  matiufitcture ;  and  irom  thiit  tu»*3  Jia  proe€4^ut«d  an  aner^^etic  re- 
search. Haunted  witii  thir^  impression,  ha  traversed  tlie  Malabar  coo^t.  v>  hvre 
ho  dLscovered  mountaijis  of  iron  ore,  and  it  became  eiidenl  to  him  U^at  Indi* 
could  supply  Euylaad  and  Eiimpi;  with  tUo  litst  and  cheapest  Eteehinin ;  tlut 
sljips  at  that  time  payiufj  for  ruhhtsh  to  bring  home?  as  ballast,  might  ha 
ballasted  witli  IiulinJi  iron.  The  Indian  orea  were  pronounced,  however,  by 
experienced  mot4illurgist«,  to  be  unraauageablc.  KuonTi  procefises  could  not 
convert  them  into  marketablo  atcel  or  iron;  but  Mr.  Hynth  was  not  to  he 
dauntecL  In  IHW^  ho  became  the  founder  of  the  In^iliau  Ii\>u  aiid  Stoel 
Compauy,  and  probably  onginated  the  investigatioufi  which  are  at  this 
moment  boing  curried  on  uii(l<3r  official  dlrecUona  in  that  coutitiy.  In  tipler 
to  carry  out  the  misaiou  -with  which  he  had  chEirged  himscdf,  aad  coulidetit  uf 
great  results,  },lr.  Heath  rc^lguod  lii^  appouitnient,  and  devoted  Mb  private 
fortuue  and  the  pension  panted  liim  by  the  Company  to  trHversin^  tlie  entire 
western  coast  of  India ;  visiting  all  the  celebrated  iron  and  steel  works  in  Uie 
worlds  including  those  iu  Swedeti ;  and  wrtjuiring,  in  these  joimieys,  a  fnroi- 
Uar  acquttiutanee  with  the  processes  of  iron  and  steel  manufacture ;  verifying 
old  mid  pmaeouting  new  experiments.  After  tliese  elaborate  and  custlj 
reseurchest  ho  fuuud  himself  at  last  in  Ldudont  wiih  his  resoarccH  utterly 
exhausted,  hut  T.dth  his  whJMct,  as  he  <?oaceivpd,  perfectly  attained. 

In  1  b3f)  ho  took  out  a  patent ;  and  in  the  Epecifiontion  he  briefly  dewrilwB 
Ihe  nature  of  his  inventiotii  naatelyp "'  tlie  uso  of  carburet  of  manganese  in 
any  process  for  the  conversion  of  iron  into  cast  steel ;"  but  it  does  not  appear 
tliat  any  progresa  was  mado  in  its  application  till  l&iO.  when  Mr,  Henth 
visited  Shei5<?ld  for  \ho  purpose  of  introducing  his  inveution  among  the  sk"«l 
uiAUufociurers.    This  discovery  is  aaid  to  hava  ohanged  thfl  wlu^Ie  aq*CGt  of 


tile  BliL^fliold  sUiei  trude;  aiul  Lu'gtily  iuuraiii^uJ  ilw  qujinlily  of  uteel  pfOr 

But  it  is  to  be  borne  in  mind  that  the  amallGr  fttnount  of  amiual  produce 
lead  je^uiiijd  for  Sh^flitjld  Iker  world-wide  reputatiou ;  wliile,  ou  tJjo  oUier 
IiKtial,  it  does  nnt  admit  of  much  doubt  tlint  Mr.  Ileiiih*^  invention  lias 
gre&liy  cuntribuUijd  tu  dt^slryy  tliis  wijU-oarned  fiuue,  by  tlia  f»cUiUe*  it  niTi^ru 
(itT  innking  ste^l  of  au  iuftfriur  materiiiL;  ^vlilliu  H  hns  gained  for  licr  tlia 
opfirtrbhuiu  of  this  c^e,  iu  wliioh  maiiy  respeetdible  iiaioos  must  sliare: 
altliiiugij  tbo  iavmilioii  lUelf  i^  ^jud  to  be  vhJi]c]osi&  to  them.  Hut  let  ua 
pixxu>ed  witli  the  attiry  ait  told  by  tlie  writer  in  the  '*  HuusehoUl  W'orda.'" 

Up  to  the  tiiue  when  Mr.  Heath  viidled  ShofHtild  tu  introduce  his  iuven- 
tiou,  it  had  beeu  Ifnown  only  as  '  Haath'g  powdfir  '  at  the  stoel  wcfks ;  but, 
on  this  occattioi^  he  was  induced  to  ^xuzunuuicat^  to  bis  agent  tliat  equally 
pood  restiha  would  Aiise  team  tnettly  putting  the  ingredients, — namely,  n 
amall  per-centa^j^e  of  oxide  of  mrm^iuieaa  ivith  a  httlG  coal  tJir,^ — into  Hie 
orucible  ia  which  thti  gteel  vtbs  iu  be  fused ;  for  tlie  carburet  boiu^  fonued  nt 
tlow^r  Lemparaturi^  than  is  required  to  melt  the  etoeU  the  one  pro£!£:ss  would 
prepfvr«  the  way  for  the  other,  Mr.  Hoiilh  tlius  placed  iu  the  hauds  of  tb« 
ft^*^nt,  instLftd  of  tli<;  powdurcd  carbtu^ct  of  JUB-ugaiieao,  wliich  waa  secured  to 
him  by  [patent,  the  elements  of  which  it  was  conipoeed. 

Iiitiircourse  btitweeji  Mr.  Hctitii  and  the  Sheffield  mftnufftcturera  waa  for  a. 
tiiue  iuLerrujtted.  But  Que  luckless  day  he  diBcovercd  that  liis  rightu  had 
been  invjuled.  His  Agent  had  esLabUsbed  steel  workup  and  v-bh  engaged  in 
making  steel  accnrding  to  the  patent  procef;^;  and  from  tli&t  timB  to  the 
present,  steel  haa  be«fb  caof^Liuitly  madu  in  She^eJd  according  to  Heath's 
patent  proee&a,  wliilo  all  claim  to  remimeratLoii  set  up  by  tliB  patentee  has 
Uen  ult^itly  denied.  Well  may  the  writer  in  "  Household  Wui'da '*  fljsk — How 
eau  lb  at  he?  One  poiut  in  htijjfatiyn  we  have  ftlready  indicated  :  it  waa 
whftUier  Mr.  Heatii  am  a  pat^uUsu  was  not  bound  to  maku  his  carburet  of 
lDanji<[aQcae  outside  the  crucible  of  the  steel  mnnufactuver,  Knd  whether  the 
moditif-'ttliou  be  afWrwarda  suggeuted  might  not  b«3  adoptt-d  by  tljuJii  witliout 
higftl  infringemont  of  his  patent  righLs — ^a  moat  miBerable  quibble  on  itje  real 
■Wlitft  of  the  coae,  if  the  aiiXy  defen^^^.  But  It  is  to  be  observed  that,  long 
Air,  Heaths  patent  existed,  the  bluck  oxide  of  mauganese  was  ttsed  in 
action  vdik  charc4>al;  and  al^u  witli  other  aub^jtanc^fa^  Buch  as  soda  and 
borax,  in  making  cAAb-ateel.  Tlie  patentee,  we  beUeve,  regarded  thla  use  of 
the  oTtide  as  an  infnngement  of  lua  patent,  because  it  was  said  lo  become 
eiu'burt^t  in  the  meldjig  pot,  m  statt.>d  above.  I3ut  (Imro  could  be  no  such 
infringt^ment.aincie  it  was  used  in  more  than  one  maitufactory  previoua  to  1430 : 
•nd  in  *'  ChJkplAl's  Chemistry/'  a  work  published  about  Wk^,  tlie  reader  is 
k>]d  that  eight  parts  of  oxidcd  manganese  tnkes  up  by  a  gentle  heat  tlires 
liarta  iif  sulphur ;  and  at  page  '2\V2,  vol.  i..  It  is  said  that  iron  may  be  eoparated 
fifora  manganese  b>  the  greater  nffinity  sulpimric  acid  has  for  the  manganeae. 
Tbia  led,  in  ona  instance  at  least,  to  experiments  with  small  quantities  of 
manganeac  in  making  caatsteel  before  Mr.  Heath's  process  wau  known. 

The  case'— whjuh  ia  one  of  the  many  whioh  bring  disgrace  on  the  Kugliah 
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Patent  Lawa — has  been  dragg^  in  a  circle  rounct  a  seri^ft  of  courts.  In  tlie 
rti'st  iiistaiiCQ  it  was  tried  before  Lord  Arbtnger  in  Trinity  Term  l!>4-l.  whon 
tlie  plftintiff  was  non-auited.  It  was  again  Cried  in  June,  1844,  in  the  Court 
of  Exchequer,  ^vheit  runny  delusive  pleadings  wore  lai&ed ;  but  finally  a  verdict 
\ra3  found  for  Heath  on  all  the  iflsiie'a. 

Tlirs  verdict,  strange  as  it  may  seem,  fl*as,  aJfer  iliree  years' congidenttioii, 
set  nsidc,  and  ft  new  action  mt^^^d  in  the  Court  of  Common  Pleas,  uitder 
orders  of  the  Court  of  Cbnncery,  which  was  at  last  tried  in  Novembt'i*.  i^OO, 
before  Mr.  Jnatice  Creaaivell.  That  learneil  Judge,  '"  mindful  of  tlie  ctiqiiettt 
of  tlte  bench,  declared  that  he  conld  not,  sitting  singly,  confirm  or  re\*erw 
the  judgment  of  the  Court  of  Exchequer;  but  tliat  he  would  direct  the  juiy 
to  find  fnt*  the  defendant,  and  the  plain  tiff  v^ouJd  tlien  be  at  liberty  to  bring 
tlie  whole  case  again  before  a  competent  tribunal." 

Will  the  result  of  this  toiiuoujj  co^irae  of  litigadon  atirprise  the  render? 
asks  Mr.  Dickons.  *'  Mr,  Hcatl;  procured  a  etiUl  at  the  Great  Exhibitjottof 
IH51 — arranged  with  his  own  hand  his  rare  metallurgic  speciniGus ;  bm 
before  tlie  Exliibitioit  opened^  and  before  his  ca^  came  again  to  be  argn^t 
hia  weary  heart  eoascd  beating.  He  died  !  leaving  his  Bucoeseore  to  pived- 
cute  tlio  clftimfl  tlicy  lerive  from  hira." 

Plow  far  this  invention  has  been  beneficial  to  the  eteel  mannfactnrers 
mny  be  considered  somewhat  problomatiflal.  That  it  has  largely  iiw?ret*5«l 
tlie  trade  of  Shonield  may  bo  true  :  that  it  has  cxliibltM  a  gric-votis  libaenwi 
of  honourable  dealing  on  the  part^  it  is  Baidj  of  some  Bereuty  or  eighty  luen 
hokUng-  the  position  of  manufactiirorg  there,  roay  be  equally  bo.  But  the  men 
who  are  most  interested  in  upholding  the  character  of  Sheflicld  steel  AAsert, 
tliftt  it  only  enablef*  tlie  inferior  manufncturer  to  substitute  inforior  article*'- 
knives  and  axes  that  will  not  cut,  and  blades  on  which  no  reli&nce  can  b* 
plnced — in  place  of  the  costateel  produced  from  Swedish  iron,  hjuI  others 
liitving  the  HSJtiiA  characteristics ;  and  who  further  assert  that  no  mode  ha«  y»l 
been  discovered  of  converting  into  good,  atoel  the  common  iron  of  this 
flountry*  produced  by  the  ordinary  processes  in  use. 

It  is  even  known,  moreover,  that  Mr.  Heoth  was  not  very  suecesafol  in  hia 
own  experiments ;  for  he  had  a  furnace  built  at  the  FiUtUau  Works  under 
hifi  own  diroctioDs.  for  the  purpose  of  granulating  the  iron  by  melting  Cktid 
letting  it  fall  into  water ;  much  as  ia  done  by  Mr.  Bessemer,  Capt.  Uchatins, 
and  some  other  patentees  of  onr  own  day.  But  the  ateel  made  by  him  tthj, 
when  hia  own  plan  was  followed,  in  every  respect  do  unsatisfactor}',  ns  to 
lead  faj  the  abatidonnient  of  the  plwi. 

Bcascmer's  Patent,— The  improvements  claimed  are,  firstly,  in  preparing 
the  iron  for  its  conversion  into  st*?el  ;  for  which  purpose,  bar,  plate,  hoop,  or 
scrap  iron,  is  put  between  a  pair  of  "  filiating  rolls/*  whereby  dioy  are  cut 
into  narrow  stripa^  which  are  afterwards  put  crosswise  through  tJie  same  rolls, 
so  as  to  cut  the  metal  into  smdl  pieces ;  a  revolving  cutter  or  other  suitable 
shearing  machine  may  also  bo  used.  In  other  aufiea,  grauulnted  puddled  iron 
is  used  in  heu  of  the  small  pieces  of  bar,  plate,  hoop,  or  scrap  Iron :  the  melal 
so  granulated  or  cut  will  then  be  in  a  cuudition  auitable  for  ita  conrei^n 
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into  Bteel  bj  the  process  of  cementaticn  -with  charcoal  or  otlier  carbonaceoufl 
Hubstancea  in  close  retorts,  tubes,  or  clia-mbers^  placed  in  a  verticiU  position, 
flo  as  to  ndmitof  die  iroit  and  cliari^onl  falling  through  hy  Uie  furce  cf  gravity 
whenever  the  lower  portion  of  tlie  vertical  eotuinn  of  mttteriala  is  r&moved. 
The  upper  wid  lou-tr  parts  of  the  retorts  are  to  be  kept  cool,  by  placing  tliem 
id  B.  tank  of  water  or  by  exposing  their  outer  enrfaces  to  tjic  ufcroosphoro, 
vhile  tlie  ccntrnl  portion  is  exposed  to  a  red  heat  in  a  Buihibla  fumacD  or 
The  parts  of  tlie  tbaitiber  exposed  to  tlie  action  of  the  fire  should  be 
strucUd  of  lire-clay,  wliil©  the  top  and  bottom  ends  of  the  retorts,  tubes, 
or  chambers,  may  be  made  of  iron,  to  facilitate  tl^eir  cooling.  The  lower  ends 
of  the  retorts,  tubes,  or  chambers  are  pro-^-ided  with  aliders  or  stop-pieces 
bdyw  tlie  tubes,  fur  the  diediarge  of  a  portion  of  the  materials  from  time  to 
time.  Wien  a  portion  of  tlie  charge  of  materials  is  thus  allowed  to  escape 
from  llie  lower  ends  of  the  retorts,  a  fresh  portion  should  be  fidmitted  into 
the  upper  end.  and  thus  the  praeess  rendered  cOTitinuotift  after  the  process  of 
cementation.  The  charcoal  may  he  separated  from  the  converted  iron  by 
lllovring  the  mixed  materials  to  fi;ll  into  water,  from  the  Hitrfacc  of  which  the 
charcoal  may  be  reraoTed,  TJie  raetal  so  treated  ia  to  be  smelted  in  close 
pots  or  vesBels,  from  which  the  ntmoaplicro  and  vapours  of  the  fiimnce  are 
exchided  during;  the  melting  process.  When  pnddkd,  scrap,  or  other  iron 
has  been  conTcrted  into  steel  by  cemerit«tion  in  npright  tetort.i,  or  by  any 
other  means,  or  when  iron  baa  been  partially  deprived  of  its  carbon  by  pud- 
dUitg,  or  when  fron  bars  are  converted  into  blister  steel  by  centeiitatltm,  it  ia 
I  mtlted  in  order  that  the  cntde-stccl  may  be  ca«t  into  ingots  for  the  pnrpoBe  of 
I  being  rolled  or  tilted  into  sheets,  hjirs»  or  rods,  or  in  order  tlint  tlie  molten 
L  ffltt'td  may  be  ntn  into  monlds  for  tlie  production  of  various  articles  in  cOE5t- 
I^Qtfel  bj  the  founding  procefte;  for  this  porposo  a  frimace  is  construotedj 
PHftvided  into  a  number  of  compartments  or  chamber8>  each  one  having  a 
Bcptimtc  fire  grate  and  flue,  ro  t!mt  each  compartment  may  be  worked  inde- 
ptmkndy  of  tlie  other,  lliis  fumftce  ia  of  n  circular  form,  having  a  large 
Cone  rising  from  ita  centre,  aroiuid  whieU  the  separate  compartments  are 
armnpiMl ;  the  mouth  of  each  one  is  on  a  level,  or  nearly  ao,  Viith  Uie  floor  of 
tlie  fijimdry,  and  beloir  ground  is  a  h*rge  '"  cave,"  into  which  tlie  ash  pita  of 
the  fiovoral  fire-grates  open,  and  by  means  of  which  the  workmen  get  access 
to  the  under  side  of  the  firegrates ;  tlie  cave  Bcrvea  as  a  means  of  supplying 
ijr  to  tlu«  furnace,  the  air  descending  through  gratingst  in  the  foundi^  floor, 
Tlio  central  cone  is  so  constructed  that  separate  flues  for  each  compartment 
of  the  fiimace  are  formetl  in  the  thickness  of  its  walla:  ihe  central  partis 
open  at  Uib  top  to  l!ic  air,  and  the  apace  within  the  cone  nt  its  base  forma  the 
cftsitingpit,  in  which  tho  moulds  ari^i  placed  ;  access  is  had  to  the  ca5ting-X*it 
throti^h  nn  arched  opening  on  one  side  of  the  cone>  Into  each  compartment 
of  the  furnace  a  fireclay  or  bkck-lead  mclTing-pot  is  placed,  raised  above  the 
fire-bars  on  a  hollow  fire  clay  support;  the  pots  have  a  tapping  hole  in  the 
lower  part,  which  may  be  stopped  up  with  damp  sand»  loam ,  or  luting — having 
ft«ec8a  to  it  through  the  hollow  siTpport  of  tho  pot  from  the  und*^r  side  of  tlio 
&ti»bars:  the  tapping-hole  is  placed  vertically,  but  when  placed  in  a  horii^on- 
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tal  direction,  the  tappiiig-holo  is  opeii«d  hy  introducing  a  uid  llinnigh  a  hole 
SuncW  in  ihn  fiont  of  llie  furance  for  tliiit  |>nqi03e.  The  upper  part  of  lUc  pot 
bas  a,  (hyniG,  Imving  a  c«£ttml  hole  for  Uk^  ^hig  tt>  pass  Uuruugh,  njid  oua  ot 
mtttv  fticiliti^holeH,  with  suilitblo  plugs  lu  cluae  thein  airtight. 

The  cover  should  be  moimttul  on  wheels,  nud  have  a  pm  or  flange  fitting 
BO  cIoSB  to  tlie  top  of  the  furnace  as  to  exclude  the  air  as  far  as  p(>».sibIo,  or  a 
e;mdgoijit  inaj  be  formed.  At  the  hack  of  the  a^sh  pit  of  efv^Ji  c*>inpftHiinmt 
tlicre  is  an  opening  iii  tho  wall  of  the  cane,  through  which  At  thy  time  gf 
ctistilig  an  iron  gutter  is  placed,  lined  with  luum,  one  cud  of  each  gutter  L<dag 
placed  below  tiiti  tnp-hole  of  one  uf  tiie  mcldog-pats,  wliile  ttie  oilier  end  of 
tho  gutters  communicate  viith  iJio  gati?  tif  tlie  mould,  so  tiutt  on  ft  signal  being 
giveu,  tho  woi'kmeii  eimultaneously  open  the  tapping-boles  of  aJl  tUc  meltings 
pots :  tho  fiont^i'^nU  may  thus  be  rapidly  accumulated  in  a  single  casting  wlica 
required,  ^\l^cn  small  castingu  ».ve  required^  the  tap-bule  should  be  slopped 
with  a  long  tire-clay  plug,  which  niay  b(>  used  as  a  valve  to  li>t.  ^nit  as  much 
motdl  aa  is  required  at,  a  time,  the  plug  keeping  the  tap  hole  ahut  uuiil  another 
tnnuld  is  ready.  lu  order  to  obtain  the  intense  heat  requisite  to  mtBlt  steel, 
good  liard  coke  may  bo  plfKTL-d  all  around  the  uieltingpot.  and  also  over  tha 
top  of  it.  60  that  it  may  be  completely  enveloped  in  the  burning  fuel-  When 
a  niixture  of  Ifon  is  put  with  the  steel,  tlie  iron  i:^  put  at  the  top  of  the  ohai;gO 
of  steel,  ^0  tliat  when  it  melU  it  muy  run  doTtn  tuid  fill  the  interstices  W 
iween  the  pieces  of  steely  and  assiut  in  their  fiinion. 

In  order  tliat  the  invention  may  be  carried  out  with  eeonomy  in  aitiw- 
tlons  where  coke  is  more  expctisi^'e  than  coal  as  a  fuel,  the  follo^ving  altera- 
Uona  in  the  form  of  the  jnelting-vosselg  and  furnace,  whicli  will  admit  of  th« 
UKO  of  cual  in  its  raw  state,  is  need;  tlte  retorts  are  made  with  closed  tope,  to 
exclmle  the  atmosphere  and  gases  of  the  furnace,  and  provided,  m  like  nan- 
ner,  witJi  tappiug-holes  for  the  di&oharge  of  tlie  fluid  metal. 

Far  tliis  purpose  a  fum&ce  is  constructed  similar  in  form  i/t  the  comoiOD 
reverbemtory  fumaee ;  tlie  part  beldnd  tlie  fyre-bridge  bemg  occupied  with 
fire-d»y  retoirts,  plA«ed  crofivSViHse  of  the  fiu-aace.  and  supported  at  diffi.TtiDt 
parts,  80  as  to  form  a  Gcrics  of  Huca  beneatli  tliem,  while  lIiq  Haine  is  allowed 
to  pasa  over  and  envelop  thorn  as  much  as  possible.  The  retorts  havti 
cloBcd  ends  und  tops,  with  the  exception  of  a  feeding  or  ehiirgiitg  hole  neat 
lhi3  upper  purtr  and  a  small  tupping  hole  near  the  bottom,  wjiich  in  to  ha 
plugged  witli  loam,  damp  sand,  or  a  plug  of  fire-clay,  during  the  melting  of 
the  matizrialfi,  i^ficr  which  the  tuppLiig-holea  otq  opened,  and  the  contents  c^ 
tlic  meltiug'Ycascla  may  he  run  into  a  ladle  or  direct  int^  tlic  mould ;  or  ihd 
after  part  of  the  furaaee  may  he  bo  formtd  as  to  meltdoM-n  tlie  iron,  or  receive 
a  charge  of  melted  iron  fTom  anoUier  furnace ;  and  the  ated  may.  in  thai 
CS130,  be  melted  alone,  and  be  afterwards  tapped  out  and  allowed  to  flow  into 
the  fluid  iron  in  the  after-part  of  the  furnace,  from  which  the  wliolc  may  be 
run  into  moulds,  whereby  ca&t^teel  articlest  or  articles  of  a  mijtture  of  siod 
and  iron,  may  be  produced. 

In  a  subsequent  apocitlcation  Mr.  Bessamer  profetses  to  make  ateel  of  • 
superior  quality  by  folloTring  up  liia  proceas  for  running  crude  iron  by  l^t 


UCHATrnSS   TATEKT. 


303 


iFoc^sfi  Etlready  dgacribed  iu  a,  formi»r  chai^ter-  Tbe  jnodJiied  process  hj 
wHcL  it  is  projxj^ed  to  prepare  tlie  irun  forcoDTeraion  iuto  aLeol  of  a  auperior 
quulily, is  as  fulluwfi :  He  proceeds,  ui  the  tirat  pluce,  to  refiuc  tlie  crude  iioai, 
cartying  on  tUe  process  until  tho  most  cojuplete  refmemcJit  has  been  cilL-cl^iJ, 
ajid  Uie  iron  is  as  ne&rly  pure  as  may  be;  he  tUen  pours  tho  ^iiid  kon  into 
w»0;r,  lij  which  it  beixuxie*  grajjulated,  and  tho  grains  or  shot  so  produced 
ftie  afterwarda  convtrted  iuto  &tecl  by  the  proces-s  of  cemeutfttioii  with  char- 
ccm]  in  the  upright  rcti>rt£.  already  deacribed.  The  bUsler-steel  go  produc:cd 
is  melted  in  crucibles,  a&  at  present  generally  practised  In  the  maaufiwture 
of  cfij=»t-BU;Ld,  or  by  ajjy  other  Buitable  means. 

TTahatliu'B  FroceM- — In  this  process  the  pig  iron  is  granubUi^ii  by  pour- 
b^  it  wliile  in  a  inoUeu  sUite  into  water,  and  it  ia  then  iu  the  best  stato  for 
conrersidn  into  cast-Bteel.  To  tiie  pigiron  tliua  reduced,  pulverised  sparry 
imn  iiiid  line  cUy  are  added;  or  gray  oadde  of  mangaimse  may  be  ust-d instead 
of  the  latter.  Xliis  mixture  is  put  iuto  crucibles,  and  the  procees  of  melting 
and  crtstu;g  ig  prueetiJed  with  in  the  usual  way  for  prodacing  CftBt  sle^sL  In 
order  to  obtain  the  harder  kinds  of  steel,  charcoal  nany  b©  adde^l  in  emftll 
quHLntitie?  to  tlie  above-mciLtioned  combiuattonB.  In  tho  words  of  tba  apeci- 
I'lctttion  of  the  patents,  tlik  proce^ia  i&  founded  on  tlic  asBnmption,  that  ca^t- 
iron,  en^vrapped  or  auiroujided  by  any  oxygeiu^ed  materialft.and  subjected  to 
9,  cementiDg  lieat  for  a  given  ttmo,  ^Wllyiold  up  a  ptirtion  of  its  oarbon,  wliich 
will  com))ine  with  the  osyffeti  driven  off  from  tlm  surrounding  maU^riah.  and 
form  carbonic  oxide  or  carbonic  acid  gas.  If  the  operation  is  inteiTupted 
before  the  complution  of  tlie  process,  a  partially  decarbonized  iron  Avill  result, 
th«  surface  of  wbicli  will  have  been  conv<?rtod  into  a  pure  iron,  \v\ii\e  tho 
interior  parts  rfsmain  unchanged ;  or,  in  otber  wordB,  tlie  progress  {>f  the 
Jet'arhnjiizing  (iction  Tivill  depend  on  the  aiununt  of  uit^tulUc  Eurface  brought 
into  contact  witli  tho  oxygcix  yiuhling  inaterial  with  winch  Ute  iron  is  sur- 
rounded. In  order  to  expedite  the  operatian,  the  piK-iron  is  reduced  to  a 
gmnnlnted  state ;  and  to  economize  fue2  iind  labour,  die  heat  required  for  eject- 
ing th  e  dccarbonization  of  Uie  iron  h  used  to  reduce  th  e  raetu] ,  when  sulfic  iuntly 
decarbonized,  to  a  molten  state,  and  time  byout' and  the  samo  healing  to  convert 
it  into  cast-sttwl,  which  only  needs  to  be  forgod  to  prepare  it  for  the  markot. 
The  granulated  iron  is  mixed  witli  about  twenty  per  cent,  of  roneted  pulver- 
ized ffpany  iron  ore  and  four  per  cent,  of  fireclay ;  tlie  mixture  is  pljiccd  in 
Cre-rJay  crucibles,  and  subjected  to  tlie  heat  of  a  caat-st*?el  Idaat-fumace  of  an 
ordinary  construction.  By  tlius  subji^cting  the  granules  of  iron  iu  presence 
of  llie  Etpniry  Iron  ore  to  a  melting  heat,  tlie  enwTapping  oxides  wiU  first  ell'ect 
a  partial  dccarbonization  of  tlie  granulated  iron,  which  decarbomxation  ^\-iIl 
be  liniit^^d  in  amount  accordiug  to  tho  size  of  tlie  granules  operated  upon  i 
ftnd  by  reason  of  the  continued  application  of  heat,  the  iron  wiU,  with  tlie 
Msiatance  of  residues  of  tbe  sparry  iron  ore,  melt  and  separate  from  the  im- 
purities witli  which  it  was  mixed,  and  bring  down  witli  it  a  portion  of  the 
iron  contiunod  in  the  spiirry  iron  ore,  themby  increftsiug  tlie  yitdd  of  cofll^ 
»li<el  hy  alvout  six  per  cent. 

The  ^tiality  of  the  steel  is  capabla  of  being  by  this  process  considerably 
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modified.  ThuB,  the  finer  the  pig-iron  is  granulated,  the  sofUr  will  be  Lbc 
ateel  made  tlierefirom.  The  softer  softs  of  welding  cast-steel  maj  be  obtAined 
hy  an  additian  of  good  i^ToughHron  in  small  pieces*  mid  ttie  harder  (jnaliliefl 
by  adding  charconl  in  vaHous  proportionB  to  Hid  b&fon>-mc<otioned  mixture. 

It  WQtiM  bo  fdHsign  to  our  purpose  even  to  nnme  all  the  proceBses  pattinted 
for  this  Int^srestiiig  manufiicture  ;  even  to  do  so  would'  indeed,  moro  titan  fill 
tlie  space  w&  caa  dovote  to  the  subject.  We,  therofore,  contoni  ourselv^ 
with  what  may  be  oonaidered  the  more  prominent  patent  processes. 

NktaTAl  9t««li — The  principal  noiiii trios  whenc-c  the  go-caJlcd  njitnral 
Ktoel  ia  obtained,  are  situated  in  the  vicinity  of  very  pure  and  easily  fiistd 
iron  ores;  in  tlie  Central  Alps,  St^\Tia,  Carintliia:  on  the  Si^g,  tlic  MusiiUe, 
and  the  Soane  ;  and  in  the  neighbom-hood  of  the  SLalilbcrg  at  Miisen,  anil  in 
the  Tbiiringiftn  forests;  as  tliciie  can  only  be  proJilably  worked  where  chnr- 
coal  fuel  ih  easily  obtained,  tho  production  ia  limited  by  the  regonrces  of  th« 
ueighbonriDg  forests.  Besides  the  processea  wc  uro  about  to  describe,  by 
wliich>  from  the  exccllonoe  of  the  ores,  steel  is  obtained  by  merely  remdting 
the  pig-iron»  ateel  is  also  obtained  invnrious  parta  of  Germany  by  a  puddling 
process.  Since  IS.'iO,  however*  converting-fnniftceSt  on  the  most  improved 
principlea,  have  been  construL'tpd  both  m  Franco  and  Germany ;  and  the 
best  judges  bear  testimony  to  an  immenso  improvement  in  the  steel  imple- 
ments manufactured  in  tbe^o  countries  since  the  Great  Exhibition  year. 

Tbe  various  methods  for  refining  raw  atcel  in  Gcrraany  dt^pend  uptvu  the 
nature  of  the  iron  to  be  operated  npon:  they  are  described  as  follows  by 
Dr.  Bmno  Kerll,  to  whom  we  are  indebted  for  tho  facte  herein  stated. 

1.  Gray  raiv-gmclted  cast-iron,  of  a  light  liquid,  occurs  in  WeatpbaliB. 
Silesia,  Konigshiitto,  in  the  Harts:  Moiintaias,  in  North  Germany,  and  hi 
Sweden, 

2.  White  rough  amelted  cast-iron  (specular  iroul  occurs  in  Siegen*  in 
Western  Germany,  in  Sweden,  and  ia  used  in  some  French  foundries.  Tliis 
iron  differs  slightly  from  tho  former,  so  far  as  is  reiiuired  for  the  treatmeut 
of  epeculariron- 

3.  White  refined  easVinin,  which  hfts  been  freed  from  a  portion  of  its  cftf 
bon  in  its  preliminiirj'  treatment.  Tliis  occurs  iu  Stpia,  Carinthiii,  and  the 
Tyrol — at  least  in  Northern  Styria  and  a  portion  of  tho  Tyrol. 

According  to  the  South  German  method,  the  iron  is  firat  prepared  in 
distinct  fumaceB,  then  romelted  nnd  cast  into  ingots  op  pi^  ;  tthile  in  North 
Oennanytlje  smelting  and  converting  process  takes  ptece  in  tlie  ftame  funuw6i 
and  answers  to  tho  preliminary  preparation  of  the  StjTian  metliod.  The 
metal  thus  prepared  ia  refined  into  ingots,  and  a  considerable  gain  in  time 
and  fuel  results,  All  those  mothods  produce  the  same  reaulta  where  the  iron 
is  of  M  simUnr  quality;  and  tlio  higher rejmtntion  inivhi^li  the  South  German 
method  sUnds,  is  chiefly  ow^ng  to  tho  snperior  qudUly  of  tlie  material. 

In  the  worldngof  gray  rough-smelted  cast  iron  of  a  KlighLly  fluid  characteri 
the  pigs  of  cast-iron  are  fresh  wanned  at  fJie  mantli  of  tlie  fuma^o,  then  gr»- 
dually  melted  dowu  witli  iron  slag,  the  blast  used  being  very  doep  and  rapid, 
and  the  fuel  saiTered  to  bum  hollow.    Whea  the  iron  ig  precipitateil  in  a 
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[bnn»  the  blast  is  gradmillj'  rtdittrtiL  and  the  iron  stirred  up  for  soma 
h  more  slag,  until  it  becomtH  mtJior  stiff,  In  this  maimer  vnriotis 
f  caaL-iron  are  smelted  dowa.  The  blast  is  Dov\'siit  to  ivork^vith  great 
,  luid  the  iron  ia  stirred  round,  becomiag  raoro  fluid  (rith  the  inciviik&tHl 
[f  the  dtcel  be  oUiiweJ  tij  run  from  llie  elag-hole  at  the  period  when  U 
I  fluid  at  tho  eurfaoe,  the  result  is  the  ao-teimod  wild  steel,  which, 
tccBfiively  hard,  poHsesaefi  uo  natilloubLUtj  or  otipACity  for  weldJD^,  and 
.  Bought  AfWr  for  the  wire-dravf  er».  If  tlie  mnfis  has  &o  far  progressed 
CBke»  aettliug  on  the  bottom  tiui  uo  louger  be  picrcod  by  the  poker, 
gl  Itunpa  of  co-si-iroti  are  thxo^vn  in  as  described  abovei  and  ngfiin 
ip.  Oa  smeltiug  u  now  pig,  the  maes  coutaincd  in  the  furnace  is 
duoed  to  a  liquid  stata,  in  tirdcr  that  Uie  steel  may  be  a  tliorguglily 
l«ouB  mixture.  The  great  object  is  to  interrupt  thc!  process  at  the 
ameut  when  the  mass  bt^giud  to  harden,  and  scales  attach  tliemselves 
urowbai".  The  blast  is  then  removed,  the  fuel  ia  thrust  back,  the 
to  taken  out,  brought  under  the  forge -hammer,  brokeu  into  sevend 
md  welded,  whilo  Die  emelUng  process  is  Btill  going  on  \\'ith  other 

treatment  ia  principftllj"  employed  in  Westphaha  and  Silesia  forgr&y 
Lt  but  is  ftlRo  apphijd  to  t!ie  wliih^  iron  at  the  KunigBhiitto  in  tlte 
In  Westphalia  and  Upper  Silesia*  1  ewt.  of  raw  steel  requires  *1U 
I  cubic  feet  of  coala.    In  ordinary  cast-iron,  3  cwt.  generally  give  2  cwt» 

belter  aurts  give  h  cwt  fruui  7  cwt,  of  cast-iron ;  and  in  our  veiy 
Letiea*  4  cwt.  ot  raw  iron  give  ^i  cwt.  of  raw  steel.  The  weekly  prodnc 
I, furnace  mil  amount  to  ftbout  ^5  cwt.  At  Konigshiltte,  lOUlbs.  of 
lUron  give  7*t  03  lbs.  of  raw  hUj^I  ;  and  100  Iba.  of  raw  steel  require  28  1 
it  of  coaU.  From  a  to  'ij-  cwts,  of  mw  iron  are  fimelted  on  each  tiring, 
klftrk,  old  welding  iron  is  addcd^  by  whiclk  the  rehuiug  proeess  ia 
I  but  the  resrult  m  an  absence  of  thai  homogeneous  mixtuie  required  in 
Bteeh    In  Styria,  t\u>  gray  raw  iron  is  brought  to  a  wliite  heat  hi  a 

closed  furnace,  and  is  tlieu  suffered  to  run  o^  in  a  moltou  £ttate 
fi  tap. 

Dunvercion  of  apecular  iron  into  steel  ia  also  effected  iu  Siegeu,  and 
Bas  only  differs  from  Uie  North  German  method  iu  conseqiieuce  of 
ndav  iron  being  rendered  fluid  at  a  lower  degree  of  heatt  and  tliickon 
9  rapidly  tlnm  llie  other  ores,  Tlie  steel  produced  from  it  is  hIso 
tnngeneuua.  The  welded  bars  ara  thro^^'n,  wliiJe  still  at  a  roc]  heat, 
Ung  wat^r,  being  tlnis  hardened  and  oitenvardB  broken  hito  t]uj:t 
vhicli  two  sorts  of  steel  are  obtained — nttmely,  75i  to  70  per  cent. 
brittle  steel,  And  'H  to  it(t  per  cent,  of  a  softer  and  less  brittle  quality. 
Ctf  raw  steel  consume  about  IT  cubic  feet  of  coab) ;  and  one  lire  pro- 
»kly  from  iU  to  00  cwt,  of  steel. 

inethodE  may  be  distiuguished  in  working  white  refined  castiron 
iig  ft  smftlier  proportion  of  curbou.  In  the  Styrlan  Bteel-furging  prO' 
loyed  in  Kortlicrn  Styria,  at  St.  Galltu,  and  in  a  portion  of  tho 
lIooiDB  which  du  not  contain  too  much  carbon  are  placed,  without 
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any  preliiniufiry  woi-lang,  at  ft  coiiftidemhle  height  ub(*ve  tiit  niouJJ  in  i 
furis^.  axi4  ameltod  down,  vrith  o.  bbist  eltht'^r  lugh.  or  low,  occ^rdiii*;  to  the 
niLture'  of  tlie  iron. 

iTie  Ciu*]nthiiL!i  or  Br^sei&n  st^l  forging  process  is  distuigiiifihcd  froiflE 
tlio  Styrian  metliod,  by  the  Bmelted  cast-iron  being  torn  into  jjieces  in  tli9i 
furnace,  tliese  beLng  then  rousted  by  the  usual  process,  and  then  work^ 
np  iuio  st^el.  Thmup!;b  tltese  iireliminaiy  pn^cesscsi  which  «iitAU  an  in- 
creased  i>xp«D&c  in  ftrlng,,  a  better  article  in  produced,  "n'ldch  lb  not  geneitillf 
refined,  but  mi^rely  hent^d  aud  dfHwn  out  by  thti  hiLmmer. 

The  Camithiaiy  method  is  employed,  \v\ih  a  few  modifieationa,  in  the 
Pflal  (in  St^Tift) ;  whence  the  Bresdau  foryiug  is  di's-ided  into  the  CanntluKn 
proper  and  the  Paal  i^yst^m.  BoUi  have  th«  procees  in  common*  the  pn>- 
poi-tion  of  tinpr<^pared  iron  beln^  largor  in  the  Pud  than  in  the  CariaiUiA»H 
melliod;  and  in  the  Sfime  proL-eai**  tlic?  itigota.  which  ere  employed  to  refhift™ 
the  cHAtirott,  posEiGfiB  a  higher  grade  of  rotinement.  Furthermore,  in  the  Vtud 
method,  all  tlie  ingote^  prior  to  wielding,  ftre  dipped  into  ihw  iron  in  a  Hqnld 
flttkte  in  the  famace ;  &nd>  by  KiQaimiig  in  It.  the  ftt«td  gnlns  both  in  lianUi«ea 
and  tinnneas.  By  tiio  Paal  Drcstian  prncess,  various  enrts  v[  i3tL*ul  am 
obtained,  wliich  are  di^tingiiisheil  rurconliniE;  to  ttieir  quahty  and  mnuld. 

Fnddled  llt«el* — The  German  stefl  tujuiafncturers  employ  Ihe  pnddling 
process  fur  rend^rin^  tlieir  product  availiible  for  many  purpoa«g.  Thia  pro- 
(jesB  hofi  thin  advaataga  over  iliG  eteel  fimelU.'d  direct  from  tlie  ore  nr  tram 
pig-iron,  that,  by  a  slightly  modified  munipulalionT  hjirdrt  or  softer  steel  cnn 
be  obbdiiod.  When  a  tine  bard  quality  of  al^  tt$  TequiredT  emflttd  auii 
cemented  Hteel  must  lie  employed,  tlie  puddled-steel  bein;^  only  suited  to  till 
tliB  gfip  which  exiata  bet^veen  atn^lted-fit^l  and  puddled  bar-iron,  « 

Tti  steel  puddling,  tlm  whole  roaes  of  amelti^d  irura  is  brought  into  contaci' 
with  tlie  oxygen  by  repeatedly  stirring,  as  in  iron  puddliiifi ;  eo  thnt  at  liisfc 
the  smelted  portions  are  capnble  of  King  wfldpd.  Aa  soon  as  the  iron  h  iw 
a  liquid  eLit^^  it  begins  to  rise,  and  refined  ingol^  are  formed;  the  forge-platd 
and  puddling  holes  are  closed,  by  which  tho  ronmluing  iron  is  precipitutt-d  ta 
the  hearth,  where  it  13  covered  by  the  stili  rnw  slag.  The  decrease  of 
perature,  (<onfi^quent  on  exolmling  the  air,  6oc»u  prodn&ea  anch  a  comsidcTablt 
dei^ree  of  consiaioncy  in  the  mnss  of  metal,  that  the  workman  is  sblo  to  torra 
it  into  the  required  balls,  nnd  bring  it  under  the  haniin&r,  whore  it  La  ham- 
mered into  the  required  f^hape.  The  in^t  thus  fL^rmad  is  agiun  heat«d,  a»d 
bron/iht  to  the  proper  form  under  the  rollers.  In  these  operationa,  the  d«- 
oxidi^^ing  eflfeota  of  the  atmof^phere  on  the  Rietal  are  to  be  AToided  A£  tnuehii 
possible. 

For  the  production  of  |f»ood  steel,  tho  slug,  after  the  fitirriug  la  complet<;d, 
should  be  in  euch  a  state  of  coiubiualjon,  tliat,  with  a  proper  de^^ree 
fluifJity.  its  decarbonising  effect  la  rcdnced  to  a  minimum.  By  lite  rmplo 
went  of  specykr  iron,  wliich  melts  eusily  to  a  fluid  state,  tlie  metal  retaine  its 
heat  in  Liie  furnace  to  the  end  nf  the  process,  while  the  addition  of  cold  raw 
jUh^  reafcoreB  it  to  the  proper  rethiinpf  temperature,  Leps  depo.ndent  for  too. 
e^aon  the  condition  of  the  added  elaj  Ih  tiie  8teel'puddliug  process  for  i^oi'^ 
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itig  up  hotittycombed  iroUy  wliicli  coutaiiiK  a.  slight  proportiOD  of  mangauc&e 
■nd  carbon. 

Tlje  ingota  produced  in  the  piiddling-ftimftcE;  are  eiHicr  refined  hy 
fcg^otiug,  as  before  described,  or  heated  to  a  welding  point,  and  rolled  or 
likii)mt»f«d  to  the  proper  dimensiotia. 

The  German  eteel  pudilhn^  fumoecs  diffor  from  the  bar-iron  ptiddUnj;- 
Aimaces  in  linWn^  ft  mtlier  smaller  juid  deeper  Leartli,  a  tighter  cJt»siiipeliuix* 
jsey,  fewtfr  additions  of  m\v  jruti,  and  coarser  slug  fluxes.  For  thi^  better  pra- 
servation  of  Uw  Bide  woils  of  the  puddling  i$tovo,  tlie  iron  wilUr  arc  provided 
with  A  tliick  water  circtilatdon  (as  at  Geiaweide  in  SiegenI,  or  witli  a.  strong 
Tentilftting  macLiDe  (&s  at  Hftspe  iu  Weatplmlia) ;  and  the  sole-piates  are  two 
to  three  inches  thick,  for  tlic  purpose  of  rjuieker  coolinf(. 

In  atftel  puddling,  tlie  duration  of  the  cliarge  is  someivhftt  ahorter  thftn  in 
irou'puddhng ;  but  tlirough  tlie  fihght  addition  of  nlAg,  the  repeated  repairs 
of  the  ^ound,  the  more  cosUj  lluxt's,  &:a.,  tlie  production  of  steel  infrolEi  is 
generAliy  more  ^xpensivo  tlmn  tJiat  of  foiled  iron  pi^^s.  In  steel-puddliiig, 
the  nmin  point  is  tliat  the  work  may  go  on  as  repdorly  as  possible  frnm 
lieginuing  to  end,  that,  therefore,  tJie  emoltijig  and  retining  may  follow  re^xn- 
Jarly,  and  that  tbo  refined  maaa  mair  be  removed  from  tho  fiiruacc  ab  speedily 
A«  poftsiblfl.  For  tliia  piir|^os<»,  great  care  ranat  be  token  not  to  add  different 
qiuditiea  of  irorir  vrhich  behave  differently  in  sjoolting  luid  rfsfiuing;  for  in- 
stance, the  fluid  Hpecular  iron  and  crray  iron  should  never  be  mi^^ed  up  with 
ihd  white  hoiieyconabed  iron,  which  assume  a  pasty  condilion  in  tlic  fiunnce. 
By  tlie  addition  of  such  different  qualities  of  metal,  one  portion  of  the  ir<m 
would  be  luiderfjoini^  the  retininp  process,  while  Uie  remaining  rat>re  carbon- 
ized and  fluid  portion  stLIl  remiuns  In  a  liquid  form  in  the  furnace. 

Tlie  object  of  steel-puddling  being  only  to  conaimie  a  portion  of  the  carbon 
contained  in  the  raw  iron»  ia  principally  fiicilitated  by  the  exclusion  of  air  at 
Uie  moment  wheii  the  still  remfiiuing  enrbon  is  sufKcient  fur  thje  production 
of  »t*uh  In  Germany*  puddled-atcel  is  not  employed  ho  much  in  shwrp 
weapons,  bltules,  hard  instruments,  Si]e»,  pins,  and  saws,  as  in  tlie  rolled  out 
Itate  for  st^el  omumenht  and  frincy  ELxtieles  for  common  cast-ateel,  for  steel 
txica,  HTntMiL-a,  tires,  .^f>, 

S^amukeened  9te«l. — By  damaskeened  ste^I  ia  meant  that  sort  of  ^teel 
which  rtici'ivi's  sliadcs  of  a  darker  and  li^'hter  colour  after  the  surface  has 
been  corroded  with  acids  :  it  ia  rrniarktible  when  gcnulaie  for  ita  cla-sti- 
d^  and  Ktrougth,  and  for  its  homogeuoous  fracture  when  broken.  We  did- 
tiiijguish — 

1.  Natural  Daniaficua  steel*  wlneh  enmea  &om  India  and  Peraia,  and 
which  is  dislinf^iUHhod  by  its  excolk-nt  quality  and  mixed  veinitig,  and  is 
worked  tip  prijiuipaUy  into  suurd  l>lndes,  Tliese  Oiioutal  blades  cunsistof  a 
more  liighly  carburetted  steel  than  aiiy  European  nianufa^sture  aeems  to 
poAaesa,  and  in  which,  by  skitftd  cooling,  a  division  of  two  different  carburrts 
luu  tftken  place.  Tliia  sepnration  h  ck^arly  visibie  on  corrosion  with  aciils, 
u  the  ports  exposed  to  the  action  of  the  acid  are  deepened  and  dyed  by  i!i« 
exposure  of  tlie  carbon,  and  with  tlie  other  leas  affected,  and  couseq^uentiy 
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litight^r  parts,  produce  &  de^gn*  moro  or  less  delicate,  of  gniy  and  white 
lines,  wMeh  often  have  a  certain  degree  of  re^liuity.  A  distincdou  is  madfi 
between  paiftUel  atnpiiig  or  wjiving  LmeEt,  find  rausaio  domaskeemng. 

If  the  cast-ateel  is  irmdo  iu  iron  moulds,  as  usuhK  tlie  ^ove  eep&ntiona 
do  not  take  phico.  By  re-irelding  and  sudden  Coalings  the  Dainascujt  steel 
loses  ita  pattern.  The  Indian  Wools?,  as  tspetially  us*jd  for  sword-bjudcs, 
contains  forct^  aubetMices  mixed  intli  it — oa  nickol,  tuu^tate  of  inju,  ot 
ma&firnjiese — which  axe  said  to  impjiurt  the  peciilinr  value  to  it. 

Fe^  Europetin  smiths  hnve  eut^ceeded  in  working  up  ludbn  steel,  boe&ttee 
they  do  not  accurately  know  the  temperatiirG  roquirod  for  its  tnmttnent.  In 
consoquenoa  of  the  lar^  amoiiiit  of  carbon  it  contains,  7'lf^  pt-r  cent,  thi* 
CBti  only  be  effected  within  certam  <:limfttic  limits:  if  too  hiyh  a  teinp«?mt(ire 
IB  exliibit<*d,  it  briialcs  to  piei^es  under  tlie  hauuner  ;  if  too  low^  it  afiBitnitis  i 
hard  and  brittle  character.  The  Iron  appears  disposed  to  t^ceive  a  c«M]isidflr 
able  quantity  of  carbon,  through  tlie  manganese  combination, 

£,  Artificial  dnmaakeened  sicel.  Attempts  have  been  miLde,  with  more  or 
I^BB  sucoBss,  to  imitabs  the  r«al  damaske^niug'p  and  tlie  following  methods  bura 
been  suggested : — 

Luyiies  entirety  imitated  the  Indian  proc«6s ;  smelting  soft  iron  with 
charcoali  timgsUit*  of  iron,  nickel  ani  mringajiefie.  was  hiijiily  sticceasfnl  Tl* 
mangnnese,  more  especiaUv,  produt'LJ  ilnmuRk^^ened  Btoid,  and  introiluceda 
Is^rgo  (jiiantiiy  of  carbon,  without  injuring  its  malleabihty. 

Broiiiit  prodncea  a  most  valuable  diimaak.  very  clu^soly  reaembling  the 
real,  by  ameltin^  i'lnfl  hundred  part-a  of  iron  \v\i}\  two  parts  of  lamp-black,  or  by 
smehin(i^  cast-iron  nith  oxidized  iron  filing. 

Clouct*  Hachette,  and  Mille,  smelt  iron  plates  of  different  natnrra.  har<ler 
Bud  aofter,  together,  and  produce  a  damank  romarkable  for  1(8  <=liis1jcit"  and 
Jiardness,  but  not  having  the  wavy  damaskeening  of  the  real  blades. 
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CHAPTER  XVm, 

B  APPLICAnON   OP  STEEL  TO  VARIOUS   PURPOSES,  AND   THE   METHOD   OE 
UABDENIKO  AMD  TEMPEItlMO   APPLICABLE   TO   EACH. 

IB  are  few  things  of  which  it  is  more  difficult  to  understand  the  rationale 
hardening  steel;  or  why  the  same  operation,  of  heating  red  hot  and 
png  into  a  cold  fluid,  which  hardens  steel,  should  soften  copper, 
ome  persons  will  explain  everything,  whether  they  understand  it  or  not, 
6r  this  also  have  they  found,  in  their  own  imaginations,  a  perfectly  satis* 
ey  answer,  and  cut  the  difficulfy  by  saying  steel  is  condensed  by  the  opera- 
but,  unfortunately  for  their  theory,  the  reverse  is  the  &ct;  and  instead 
ing  condensed,  it  is  expanded  by  hardening,  as  any  one  may  soon  satisfy 
elf  by  taking  a  piece  of  steel  as  it  leaves  the  forge  or  anvil,  and  fitting  it 
jy  into  a  gauge,  or  between  two  fixed  points,  and  then  hardening  it;  it 
hen  be  found  that  the  steel  will  not  now  go  into  the  gauge  or  between  ^e 
points.  Or  let  him  rivet  together  a  piece  of  steel  to  a  piece  of  iron, 
\  the  ends  of  both  even,  so  that  they  may  be  exactly  the  same  length; 
heat  them  to  a  proper  heat  to  harden  the  steel,  and  plunge  them  into 
r,  he  will  find  the  expansive  force  of  the  steel  has  nearly  torn  the  rivets 
md  that  it  extends  beyond  the  iron  at  both  ends.  Any  article  may  be 
i  with  steel  on  one  eurfaoe  and  iron  on  the  other — such  tf&  a  joiner's 
i-iron  in  the  forged  state — flat  on  both  surfaces,  and  hardened ;  and  tlie 
Qsion  of  the  steel  will  cause  that  side  to  be  convex,  and  the  iron  side  con- 
:  how  this  is  got  flat  again  will  be  explained  afterwards. 
Jl  steel  expands  in  haxdening;  but  that  the  most  which  is  most  higlily 
srted,  and  in  direct  proportion  to  the  amount  of  carbon  it  received  in  that 
}88.  No  other  general  rule  can  be  given  for  the  heating  of  steel  for 
ming  than  this ;  that  it  should  in  all  cases  be  heated  as  regularly  as 
ble  to  the  lowest  temperature  at  which  that  particular  kind  of  steel  will 
en,  and  as  little  as  possible  beyond  it,  remembering  that  the  more  highly 
srted  the  steel  is,  the  lower  the  temperature  at  which  it  will  harden ; 
hat  a  small  article,  such  ns  a  penknife-blade,  will  harden  at  a  lower  tem- 
nre  than  a  more  bulky  one  made  of  the  same  steel,  because  the  small 
\a  is  more  suddenly  cooled.  The  hardening  of  veiy  bulky  articles,  such 
e  face  of  an  anvil,  eannot  be  effected  in  the  same  way  as  smaller  articles, 
nnging  them  into  water;  for  the  length  of  time  required  in  cooling  will 
most  certain  to  leave  the  middle  of  the  fst^e  soft,  where  it  is  of  the  most 
squence  that  it  should  be  hard.  Where  the  anvil-forge  is  worked  by 
r-power,  they  possess  the  best  means  of  hardening  them,  which  is  this, 
anvil,  properly  heated,  should  be  placed  in  a  wate^tank  face  upwards. 
If  a  shuttle  connected  with  the  mUl-daia ;  the  shuttle  drawn,  and  a 
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boEkvj  aud  continnonB  titrcam  of  wilUt  let  fall  from  t  beight  often  or  twelTC 
feet  upau  diQ  anvil  face,  irhich  effectually  IjarJetifi  the  torface. 

A  red  hat  anyU  plunged  into  water,  would,  for  n  timu,  be  ffoiTouadctl  ly 
tn  atmoBphefe  of  staaiD,  which  Ti^ould  prevent  its  direct  coiatact  with  the 
cold  water,  wherehy  ita  cooling  would  be  rvt&rded  too  mudi  to  Inirdon  tht.' 
face  ;  ojid  hence  the  ftdTMitage  of  a  continuona  stream  of  cold  water.  Httite 
ftko  the  neceBsity  of  moving  about  in  the  water  even  ftrtMeH  of  s  poticd  of 
two  m  weight,  to  remove  tliem  nyco-y  from  th«  etenm  fts  it  is  generated  upju 
their  siufacca,  and  thus  promote  more  rapid  cooling. 

It  ia  ft  good  pL&n  to  hjirdcn  hammer^faceft,  where  there  is  a  tub  nnd  wal«^ 
t^  ©Ottveniently  uear,  hy  plimging  the  red-htit  humnjcr.  held  with  the  ftice 
upbraids,  into  the  water,  bo  that  a  stream  &om  the  titp  may  fall  upon  jui  bee. 
The  face  of  bammej^  and  anvils  is  ground  after  being  hard^^nedf  litiC  Bho^lil 
never  be  tempered. 

A  very  large  quantity  t)t  ai^nl  is  iiFod  for  file-making; ;  and,  withio  thd 
memory  of  persons  now  liWn^,  great  changes  have  been  made  in  the  tfftdehj 
the  appUcatlou  of  diH'crcnt  kinds  of  st*(.»l,  and  also  in  the  mode  of  prepuicg 
it  for  the  piirpose.  It  is  only  tthoat  eighty  yoara  sijicc  large  Blea  w«rt?  madfl 
from  the  blister  barg,  witliont  previoaa  lOting  or  roUing.  At  that  time  tba 
men  uacd  to  slit  tlie  hara  with  a  set  into  two^  tliree,  or  fonr^  accordLnp  to  thfi 
«ize  of  the  bar^  and  tlio  tiles  to  be  made :  tliey  were  paid  for  the  makiug  hj 
what  woa  called  day-work,  for  at  t!mt  time  it  actnolZy  required  a  day  U 
make  tlie  quantity  known  by  the  designation  4^  dozen  of  ID  inches.  4  doxps 
11  inehes,  3  dozen  12  inches^  2  dozen  of  13  or  1-1  iiiches,  1^  dozen  t^  iiich^, 
1  dozen  1(1  LncheH,  were  a  day-work;  but  all  were  not  paid  the  eame  prioe  for 
ntaldng.  The  file-forgers  continnod  to  be  paidbytlicquandtiesaboYcmeDtionDJ 
long  aft^ir  tUting-hammers,  by  dran*ing  tho  hara  to  the  size*  required,  had  stt 
faoiUtated  the  work,  thiit  thre@  or  four  times  the  quantity  could  be  foT^d  in  t 
day  (hat  waa  inad<;  fonnerty.  At  the  commencement  of  this  century,  and  fuf 
about  twenty  years  afterwards,  tlie  materials  nsed  by  the  best  makers  for 
doublc-hixnd  work — tliat  is,  for  filea  ten  inches  and  upwards — was  s^coud 
marks  blister- steel « anch  as  GF,  ^diron»  Steiubuck,  S  and  dots,  for  boss  work, 
by  which  ia  meant  such  kinds  as  require  a  swage  or  hoes  (o  form  tliem  M 
half-riL>nnd  and  three-Bquare  liles  ;  fiat  work  waa  made  principally  ofCCNO^ 
S  and  dotSf  and  Steinbuck.  Tlio  smaller  kinds  only  and  &aw-fik>B  were  niadfl 
of  cast  steel  at  the  ordinary  Mst  prices:  when  largo-sized  eastbttvl  filei 
were  required,  they  were  charged  one-third  more  than  the  common  rtcel 
piices.  But  it  muat  not  be  supposed  that  the  caEtrsteel  then  usedt  for  which 
this  extra  price  was  charged,  waa  the  samo  in  quality  as  that  now  in  common 
nee  by  tlie  file-makers ;  it  waa  vejy  superior  to  it,  being  made  of  the  b«9t  and 
B^jeond  marks  only.  At  the  p^cxl  referred  to,  rolled  steel  had  scarcely  com^ 
Into  use  at  aU  for  file-making,  the  makers  being  of  opimon  tliat  atet^l  drawn 
under  the  tilt-hamraer  was  much  better  adapted  :  they  therefore  had  tli- 
for  half  round,  diixwn  the  same  aa  for  flat  fHas^  and  oAerwarda  brought  in 
half  round  form  in  busses  (more  generally  known  in  other  placea  by  Uie 
Df  swages).     Hir«e-squaro  or  triangular  ^le&  were  mado  of  sqnar«  al« 
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9  one  angle  downwards  in  a  triangular  swage,  or,  more  properly,  one 
ig  an  angle  of  120",  and  hammering  npon  the  upper  angle  of  the  steel, 
Uie  proper  form  was  nearly  attained,  then  placing  each  angle  down- 
in  turn,  and  hammering  upon  the  upper  side  until  all  the  angles  were 
tit  sharp  up,  and  the  equilateral  triangular  shape  attained.  Bound  files 
«ere  made  of  square  steel,  the  points  being  drawn  square  as  for  square 
the  angles  were  then  knocked  down,  thus  making  the  steel  octangular. 
t  were  well  and  regularly  done,  the  round  file  was  nearly  made ;  but  any 
ip  to  (his  point  could  not  be  well  repaired  after  the  hammer  had  gone 
the  angles  to  make  it  sixteen-sided ;  in  this  state  it  was  left  for  the 
or  to  do  the  rest,  as  no  swages  were  used  by  the  forger. 
lapgnUr  roUod  stoel  began  to  be  used  for  large  three  square  files  about 
AT  1624 ;  and  the  immediate  cause  of  the  change  was  this : — About  that 
ace-making  machines  began  to  be  made  extensively  at  Nottingham,  for 
.  three-square  files,  firom  fourteen  to  sixteen  inches,  were  required,  simi- 
the  thirteen  inch  files,  which  had  long  been  used  in  making  stocking- 
s.  Making  these  large  three-square  files  was  unpopular  with  the  men : 
boor  was  much  greater,  they  were  less  productive  to  the  workman  than 
on  work ;  and  the  unusual  demand  coming  at  a  time  when  other  work 
bnndant,  the  demand  could  not  be  met.  Bolls  were,  therefore,  turned  for 
articular  work  for  the  first  time.  The  lower  roll  has  grooves  turned  in 
ning  two  sides  of  an  equilateral  triangle ;  and  the  third  side  is  made  by 
ain  roll  which  works  over  it  Thia  altogether  altered  file-making. 
eel  prepared  in  this  manner  made  the  thickest  part  of  the  file,  which 
sen  the  hardest  work,  into  the  easiest.  The  men  soon  refused  to  work 
tng  but  three-square  steel.  Smaller  sizes  were  then  introduced,  and  are 
ned  universally  for  all  but  small  sizes  of  saw-files ;  and  when  square 
Is  used  for  them,  an  extra  price  must  be  given  to  the  forger.  Steel 
:  to  be  rolled  about  the  same  time  for  half  round  files.  The  first  rolls 
made  to  form  the  steel,  so  that  a  cross  section  of  it  would  be  bounded 
0  arcs  of  circles  of  different  radius  (Fig.  12) ; 
was  thought  that  if  the  steel  were  rolled 
flat  upon  one  side,  a  point  could  not  be 
t  without  the   edges   of  the    steel   being  ^<  i^* 

Bd  over  to  the  fiat  side ;  but  it  was  soon  found  to  be  easy  to  prevent 
>y  placing  that  part  of  the  steel  which  is  to  be  drawn  to  a  point,  with 
at  side  downward,  in  the  half-round  boss  or  swage,  and  giving  it  a 
9r  two  with  the  hand-hammer  to  turn  the  edges  towards  the  back.  The 
steel  is  now  rolled  to  the  segment  of  a  circle 
(Fig.  IS),  produced  at  the  rolling-mill  by  turn- 
ing grooves  the  width  and  depth  required  in 
^'  ^^  the  lower  roll,  with  a  plain  roll  over.    Steel  for 

,  files  is  now  rolled  round,  and  a  veiy  large  proportion  of  the  steel  for  fiat 
B  tolled  also.    The  reason  of  the  preference  formerly  given  to  tilted  over 
Steel  was,  that  tilted  steel  appeared  much  finer  and  closer  grained 
broken  than  that  which  was  rolled;  and  this  difference  is  more 
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aspGciBlly  mniiifest  whi?n  blister  sted  is  tlje  suVyect  of  the  oompiuison.  But 
the  ol)jection  Bgainist  rolliniE^  af  Uie  greatest  weight  lay  in  the  tnaziucT  ol 
heating  at  roUing-mills.  where  three,  four,  or  live  liundr^'n-fti^Ui  c(  fitPiJ 
WOdM  be  pi;t  into  the  fire  At  ottce,  and  the  trhole  hcnted  to  the  working  hot 
before  the  rulUug  of  it  vroxxld  camsu&uco,  to  that  tlie  last  of  it  woaM  lie 
^e  fire,  perhaps,  hiklf-an-honr  at  a  liighcr  temperature  tlioji  such  steel  ongi 
©TW  to  reoeivo  before  it  w*3  rolled,  to  the  great  injury  of  its  qualitr:  vrh 
in  a  tilt,  though  one  or  two  hundr^dweiij'ht  of  hara  mav  be  put  into  what 
called  tha  Bmoko-holet  they  can  there  only  ha  heatt>d  to  a  low  red  boat 
whence  ihey  are  tttkon  one  by  one,  heoted  quickly  in  the  blast  of 
hollow  fjro  to  the  working  temperature,  mud  tilted  nithiii  ooo  minute  of 
heKuning  hot  enough. 

But,  it  may  he  ju.«ttlyflaid, rolling  itiiiat  have  some  advanta^s  orer  tUtin, 
or  roUed-aleel  would  not  be  used  wlierc  tilted  would  ansi^-er  tlie  p 
The  advantages  of  rolling  are  tli^fie : — Itode  of  att'ol  con  be  mode  marc  c: 
actly  of  the  same  breadth  and  thickness,  from  end  to  end,  by  rnUing  tlian 
attiiinahk  by  tilting.     They  cnn  b1»o  be  rolled  of  greater  length  tlian  they 
con  bo  tilt<~'d ;  atid,  since  ends  too  abort  to  make  a  file  of  the  taxn  th«  steel  V9i 
intended  for  arc  never  drawn  down  by  the  workman  to  a  file  of  ft  len  azfl, 
nor  ara  two  ends  welded  together,  as  wag  the  case  forTnerly,it  is  an  adnmtagQ 
to  have  as  fyw  ends  of  bars  as  possiUo.     Tlio  tJiird  and  last  advaGtage 
roUiiig  i9,  that  it  in  Eitniut  20  per  cent,  cheaper  than  tiltiuff. 

lialf-a- century  ago^  tho  greoteat  cuatouiErs  of  the  tilo-makers  were  tiw 
ironmongers,  and  their  cTistomcrs  Hie  smiths,  who,  when  a  fide  was  worn  out, 
could  use  it  to  Biessl  horse-slioee,  a  ploagh-fihare,  or  an  axe,  or  to  make  t 
chisel  or  flonie  other  tool ;  and  In  some  such  way  most  of  the  old  files  got 
used  up,  without  being  seen  or  eomiitg  into  the  hands  of  tlio  file^maker  a^ 
But  aa  mechanical  inTentlon  and  tlio  nse  of  machines  greatly  increaaeiJ> 
millwright,  eagineering.  and  macliine-making  ^tablialuneutB  became 
great  consumers  of  fdea  and  of  tools  mnde  of  ffleel ;  and  not  having  die  sa: 
U3B  for  the  old  tllea,  and  worn-out  tools,  aa  tho  amitha,  the  enRineers 
them  aa  scrnp'&teel,  to  bo  worked  Hver  ftgaiii  by  the  persuiia  of  whom  lh< 
filoa  and  steel  were  purchased  at  ilrst.  Tlie  increase  of  each  old  steel  began 
to  be  very  mfuiifoat,  alwut  the  tinib  that  commoner  and  lower-priced  S 
irons,  at  £^  or  -flO  per  ton,  began  to  be  introduced^  which  was  about  IHi^J 
(Uid  tbe  randiest  way  whii;h  presented  Itself  of  u^ing  up  this  aerap  sinvl 
to  make  common  east  ateel  of  it,  by  melting  it  with  hard  converted  e«mini 
Swedish  blister-atoel,  and  ao  making:  it  into  tiles  again.  In  tliis  way  the  6ies 
would  eost  little  more  (tlio  advantage  of  having  fewer  wastes  taken  into 
oocount)  than  those  mnde  of  the  higher  qualilii?fl  of  blister-eteel.  the  difFeri:<nc« 
in  the  coat  of  tlie  mateml  being  nearly  euftidcnt  to  pay  the  cost  of  the 
tn«lt!Tig. 

The  flftmo  cansea  eontinue  to  opetatOi  ho  thai  the  nctnnl  quantify 
of  cast  steel  tiles  has  been  greatly  on  the  incrensc  of  late  3'eflxa ;  and  scarcely 
Any  other  kind  is  f^npplied  to  engineerti,  inachinc-malwrs,  nnd  irtm-founden, 
or  for  the  American  and  Continental  markets,  than  thia  fiarap^tccl  yields. 
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it  intended  to  enter  further  into  a  description  of  file-making,  than  may 
jasaiy  for  the  purpose  of  understanding  what  are  the  different  sorts  of 
sed,  and  the  proper  treatment  of  them.  Blister-steel  will  bear  a  greater 
^hen  forged  than  oast-steel,  witliout  injury.  When  files,  after  being 
axe  heated  red-hot,  and  cooled  slowly  to  oimeal  them,  so  that  they 
3  soft  enough  to  be  cut,  care  should  be  taken  that  tliey  are  never 

00  hot,  nor  continued  at  the  full  heat  for  any  length  of  time  after  they 
ixnved  at  it,  for  that  is  almost  as  injurious  to  the  steel.  The  latter 
longer  most  to  be  dreaded  when  the  files  are  annealed  in  close  vessels, 
some  recommend  to  prevent  oxidation ;  for  the  files  being  oat  of  the 
f  the  person  in  charge  of  the  furnace,  he  is  not  so  able  to  judge  when 
ht  to  stop  the  heating,  as  when  the  files  can  be  seen  by  him  when  he 
,  which  he  can  do  in  the  furnaces  as  they  are  usually  constructed. 

1  this  operation  is  as  carefully  conducted  as  it  ought  to  be,  the  loss  by 
ion  will  be  very  trifling.  It  would  be  tedious  and  tmnecessary  to  detail 
dons  ways  employed ;  the  object  should  be  to  heat  the  steel  to  a  low 
It,  and  cool  it  aa  slowly  as  possible.  Omitting  the  grinding  and  cutting 
I,  ire  oome  to  the  hardening.  The  first  thing  to  be  done  is  to  protect 
3th,  so  that  they  will  not  be  oxidized  when  heated;  this  is  done 
exing  them  with  something  which  will  fuse  at  a  red-heat,  and  form  a 

varnish  upon  the  surface  of  the  file,  without  acting  chemically  upon 
el,  and  which  can  easily  be  removed  when  it  has  answered  its  purpose, 
itance  answering  to  all  these  conditions  is  found  in  common  salt 
•chloride  of  soda) ;  but  to  make  it  adhere  in  the  first  instance,  some- 
nnst  be  used  with  which  it  will  form  a  kind  of  thin  paste.  A  paste  o| 
ind  water  will  answer  well ;  but  the  usual  substance  is  ale-grounds, 
sd  from  the  brewers,  or  from  the  public- houses  where  they  brew.  Files 
iped  in  a  mixture  of  these  ale-grounds  and  salt,  and  the  superfluous 
tgr  removed  by  the  finger  and  thumb,  or  with  a  brush ;  then  heated  in 
th-fire  with  soft  coke  made  by  burning  a  soil  bituminous  coal,  not  in 
baton  the  surface  of  the  ground ;  and,  to  save  repetition,  it  may  be  here 
thai  this  is  the  kind  of  coke  universally  used  in  hearth-fires,  for  manu- 
ng  purposes,  in  Sheffield.  When  the  file  is  red-hot,  it  is  set  straight 
mo  lead-rests  set  upon  a  block — one  of  the  rests  being  movable,  so  that 

be  placed  nearer  or  fiarther  from  the  other  as  required ;  upon  these 
),  held  by  the  tang  in  a  pair  of  tongs,  is  plaoed  as  upon  an  anvil,  if  it 
■i  three-square,  round  three-square,  or  square  file,  and  is  made  straight 
k  hammer,  also  of  lead ;  but  if  a  half-round  file,  it  must  have  such 
ae  of  curvature  given  to  it  as  experience  has  shown  to  be  necessary, 
may  be  expected  to  come  straight  out  of  the  water. 
v  if  we  refer  back  to  what  was  said  of  the  expansion  of  steel  in  harden- 
od  to  the  process  of  conversion  of  barsteel,  by  which  it  was  shown  that 
xe  always  a  little  harder  on  the  outside  than  in  the  middle,  and  may 
(ood  deal  harder  if  the  conversion  is  hurried ;  and  also  that  one  side 
ir  maybe  more  converted  than  the  other  side  of  the  same  bar;  we  shall 
osdant  reason  to  expect,  that,  in  barsteel  files  especially,  this  irrogu^ 
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Urity  in  llie  degree  of  carbonizalioti  ^ill  produce  corresponding  dt 
itTogularitv  in  the  expansion  of  files  in  hardCTiins,  aiid  be  prepared  to 
its  manifestation  in  practice.  This  maiui'L-fitbtion  will  be  that  nhc 
which  was  more  converted  on  one  siile  Uinn  the  other,  is  made  inio  I 
aide  most  liigblj  converted  vnll  etpand  more  Ikon  tlie  other  in  hu 
and  ihc  cfTect  of  tlmt  vUl  he  tlint  the  Ulea  mil  he  crooked  tvheii  tain 
the  water — the  hftrdest  aide  will  he  fid!  and  Oie  otlici  liollotf,  cnmd 
are  Irnown  by  th^  nnmo  of  water  cracks.  The  fJts.  careiullj"  and  equHl] 
to  the  proper  tempemtiire,  held  by  the  tnug  witli  tongs,  ia  nowdippn 
saturated  Bolution  of  ealt  and  wnCt'r,  cDntidned  in  a  lurge  cistern ;  ^ntl 
aa  steam  ceases  to  he  ^jierotcdnpon  the  surface  by  its  h«it,  which  is  k 
the  noise  ccaBing  which  is  mtirJe  by  it,  the  lUe  is  taken  out,  and.  if  tt  1m 
one,  l}ier0  is  gonerftlly  so  much  boat  in  it  as  to  cause  the  \mler  i 
thickest  part  to  boil :  in  iJiia  state  it  may  bo  sprang  a  little,  and  willn 
position  thns  gircn  to  it  uheu  cold.  The  mauner  of  doing  tt  is  tlui 
hardenc'r  hns  a  HmeJI,  strong',  rvctan^Uar,  '^vQod-cisU'm.  half  full  of  sn 
standing  beside  the  otlier^  across  tlie  top  of  which  there  is  a  stror 
iron  fixed,  and  another  of  the  same,  moTable  pearor  to  or  farther  J 
£xcd  bar.  As  aooa  as  Ifae  file  is  taken  ant  of  tlio  wateri  tJio  toAi 
Aovrta  the  tongs,  lubes  tlio  tile  by  the  point  and  tang  hi  his  hands  m 
doTm  it ;  and  as  in  ninety  nine  cases  out  of  one  hundred  it  will  be 
have  ran  a  little  crooked  in  the  Trntor,  he  puts  the  point  or  tang  eK 
file,  as  the  caee  lufty  be,  under  tlie  fixed  bar  of  the  eundl  cistern,  w 
the  movable  bar  as  a  fnlcmnit  presses  npcm  tlie  oilier  end  of  tlie  file  i 
hand,  while  mtli  tlio  other  he  pnta  water  npon  it :  looking  «it  the  fi 
and  aja^in,  and  n^ing^the  samo  meanH  to  bring  it  straight  until  it  ii 
co!dj  after  witich  no  further  effect  can  be  produced  Epon  it. 

Notliing  but  experience  can  teach  a  man  tlie  amr+nnt  of  pressure  ' 
necessary,  and  may  he  enfely  empIc^eJ  mthout  breaking  the  file.  T 
method  IB  taken  Tritli  all  desGripttona,  ^vhatever  tho  kind  of  ^ttd 
made  of.  to  obtam  Brtmight  files;  bwtthe  prevention  of  water^racks  mt 
at  an  earlier  stage.  The  bliBter-ateel  to  be  nscd  for  files  nhoold  be  the 
converted,  and  bo  broken,  by  some  careful  perEon  well  inatnicted  in  tl 
tics  and  properties  of  the  different  marks,  int-o  «rach  lengths  as  ttte  i 
when  rolled  or  tilted,  to  make  a  bur  of  ttie  reqnired  sizcv  If  h©  fiuda 
highly  carbonized  to  be  safely  use^d,  he  aliould  lay  it  aside  to  be  renu 
too  hard  to  he  safely  used,  say  for  mxteendneh  files,  it  may  be  broken 
make  files  of  elevoa  or  twelve  inches,  for  there  is  not  bo  jntich  4 
water^cradcs  when  it  is  drawn  to  ematler  Kizea;  and  Guch  as  he  jti^ 
quite  auffieiently  converted  for  files,  will  be  suitable  for  farriers'  mspa. 
jjortant  did  the  old  filo-rnaki^rB  eoDAider  tha  best  application  of  their  m 
tliat  Uiey  generally  broke  up  their  bar-steel  themselves;  but,  notwitbt 
their  cai*e,  the  ajaxiety  to  make  hard  fileis  caused  them  to  lean  toward 
ftive  hardneas  of  conreraion,  and  "  wat^cr  cracks"  were  of  very  frefiuet 
rence.  No  other  method  oc^curred  to  Uiem  by  way  of  prevention  than 
Boon  as  tho  files  were  honleniMl.to  warm  them  in  tho  fire  as  much  aA  ill 
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vitiurat  tempexmg  them.  The  fracture  spoken  of  seldom  take  place  while 
tha  steel  is  in  tke  water,  but  frequently  many  hours  afterwards  tliey  are 
heard  to  giya  a  sharp  click,  which  may  be  heard  several  yards  off  wheu  the 
ftactnre  takes  place;  and  they  are  far  more  subject  to  do  this  in  sharp  frosty 
weather,  and  when  the  water  is  very  cold,  than  at  other  times.  Now,  on 
oamiuing  the  fractures  of  hundreds  of  bar-steel  files,  wliich  an  experience 
ef  many  years  has  brought  under  notice,  it  always  appears  that  the  fracture 
takes  plaoe  in  the  middle  or  least  converted  part  of  the  steel,  and  the  parts 
tre  held  together  by  the  outer  edges  or  most  highly  carbonized  parts ;  in 
fact,  it  is  the  expansive  force  of  those  parts  which  has  torn  the  other 
arander.  Cast-steel  being  more  homogeneous,  is  not  nearly  so  much  sub- 
ject to  this  kind  of  fracture.  It  would  scarcely  be  excusable  to  say  so  much 
of  the  hardening  of  files,  if  the  greater  part  of  it  were  not  applicable  to  many 
tools  made  of  the  like  material. 

When  iron  has  to  be  united  to  steel  by  welding,  as  in  making  joiners' 
plane-irons,  socket  chisels,  &c.,  shoar-stcol  is  used  for  the  comjnon  kinds  and 
Mst-steel  for  the  best  Good  sheer-steel  \viU  make  good  tools ;  but  when 
pound  and  glazed,  it  has  a  cloudy  appearance  vliich  cast-steel  is  free  from. 
In  welding  shear«teel  to  iron  there  is  httle  difhoulty ;  but  to  weld  cast  steel  to 
iron,  more  skill  is  required.  We  shall  only  instance  how  caat-stcel  i>lanc- 
ironB  are  made.  The  iron  used  should  not  be  less  tlion  three-eights  of  an 
inch  thick,  and  its  breadth  about  two-thirds  of  the  breadth  of  the  intended 
pHane-irons.  The  steel  should  be  as  good  as  possible,  and  rolled  into  rods 
iboat  one  inch  and  three  quarters  broad,  by  full  three-sixtcentlts  or  barely 
ODO-fonrth  of  an  inch  thick.  The  iron  is  first  made  into  what  are  called 
Boods  by  drawing  and  spreading  the  iron,  or  thin  end  of  the  plane-iron ;  it  is 
then  cnt  oif  from  the  bar,  leaving  about  two  inches,  to  which  the  stcci  has  to 
be  welded  untouched  by  the  hammer.  It  is  tlien  taken  by  the  thin  cud  in 
tongs,  and  the  other  end  heated  for  welding  in  the  hearth-fire,  with  the  usual 
precautions  against  oxidation.  At  the  same  time,  and  in  the  same  fire,  but 
not  in  so  hot  a  part  of  it,  the  steel  is  heated  also ;  and  as  soon  as  it  is  red  liot 
it  is  taken  to  the  anvil,  and  one  edge  tliinned  down,  then  taken  to  tlie  fire  again ; 
and  when  the  iron  is  at  a  good  welding  heat,  and  tlie  steel  as  hot  as  it  would 
be  safe  to  make  it,  the  forger,  taking  tlie  tongs  with  the  iron  in  liis  left  band, 
and  the  steel  in  his  right,  goes  to  the  anvil,  laying  the  iron  npon  it,  and  the 
atoel  with  its  thinned  edge  towards  himself  and  across  the  iron ;  the  striker,  who 
is  standing  ready,  gives  the  steel  a  few  light  blows  with  bis  hammer,  when 
it  will  be  seen  to  have  its  temperature  much  increased  by  its  contact  witli  tJic 
hotter  iron ;  and  as  the  union  is  to  be  effected  by  the  iron  bringing  the  steel  up 
to  its  welding  temperature,  it  is  desirable  and  oven  necessary  in  order  to  ensure 
the  snceesa  of  the  welding,  that  both  iron  and  steel,  in  such  articles  as  plane- 
bons,  should  be  considerably  thicker  thau  they  will  be  in  tlie  finislied  state. 
The  hardening  of  plane-irons  and  other  edged  tools,  is  done  by  heating  them  in 
hearth-fires  and  plunging  them  into  water ;  and  the  tempering  is  by  heating 
npon  a  thick  cast-iron  plate  with  a  fire  under :  the  plate  should  be  kept  below  a 
ltd  heat.    The  tools,rubbed  with  sandstone  that  tlie  colours  may  appear,  are 
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laid  upon  the  plato,  fiCTeml  at  a  time,  and  attended  to  b^  one  person 
another,  at  an  anvil,  sets  them  straight  while  still  Hot  froxa  the  teni| 
ing-p1at6.  Plane-irona,  socket  chisclft,  and  such  tools,  o^'isg  to  the  ex|^aiieiDa 
of  t}m  8t«el  in  hnrdening*  ore  full  or  conveic  on  the  steel  eide,  and  the  setliiig 
is  doae  by  putting  them  iron  etde  dowiiwardB  upon  the  aiiTil.  and  hammtriDg 
the  Bteel  witlt  a  hammer  tfIiobo  face  is  slightly  convex :  hy  this  the  iron  is 
extdnded  imd  the  steel  bronght  Hat  ftgoin.  But  i/  it  be  hammered  ao  mttch  as 
to  maka  the  steel  aide  hollovr,  there  is  no  remedy  for  it ;  as  any  jiirthcr  fippll- 
iwtion  of  tho  hammer  woidd  only  mnko  matters  worse  by  extending  the  iron 
fitill  more.  Care,  tLeref;>i'c,  ah^^uld  be  tfiken  not  to  go  too  far,  and  also  Uui 
the  blon's  sliould  iiot  bo  too  heavy,  but  that  tliey  be  dlBtribnted  as  e-qtmSy 
$A  posfliblo,  uot  going  too  uear  the  odge»  whi^h  ^ndan^rs  broakiog  thft 
ateel. 

Fifty  years  ago»  some  edge-tool  makers  had  their  toob  hardened  by  tlu 
ibrger  in  the  shop  in  which  they  viere  foi*rfpd,  and  thia  waa  looked  upon  bh  a 
fiart  of  the  forger's  duty.  IIo,  fL^eling  no  ii]teri[>&t  In  doing  this  willx  the  run 
in  tho  heatmg  llittt  ought  1o  be  exercised,  g(>yd  steel  was  often  si>oile<!  hf 
car^lesanesB,  which  )ed  to  a  different  practice;  and  tlie  hordenitig  of  bgbt 
edge^ooU  Las  for  many  ye^rs  bceu  made  a  separate  operation,  and  dona 
by  men  who  do  nothing  idae,  and  are  paid  by  the  dny ;  but  unfortunately  iLo 
practice  of  hardening  heavy  tools,  sneh  as  axes,  was  continuod,  in  the  forging- 
shop,  until  liritiah  axes  got  into  dis^raco  in  the  American  market,  Timft 
however,  and  a  different  practice,  nill  enable  as  to  rfiriGvc  this  loss. 

Cast  steel  chiacb  are  sot  in  a  different  way,  by  what  is  called  a  setting- 
hammer  (Fi^.   Ik),  made  of  vei'y  good  hard  steel,  about  Ij^inch  X  i^inc^b 

in  thq  middle,  where  the  shaft  li 
iixcd,  P4id  drawn  to  about  1  inch 
X  ^  inch  at  the  two  enda  or  fiwea, 
which  are  gionnd  eonTex  in  tho 
dkectiun  of  tlieir  breadth,  and  to 
an  ohluae  angle  in  the  dir^ f  tion  of 
their  thickneaa.  In  setting  har- 
dened steel  articles  Trith  this  kind 
of  hammer,  quite  ft  different  me- 
thod has  to  be  pursued  to  thai 


riff,u. 


already  daacribed ;  for  in  this  castA 
the  parts  tliat  are  full  or  ^onvexl 
are  to  rest  upon  the  anvij,  and 


great  ftOM  must  be  taken  that  tlie  part  wliich  has  to  resist  the  blo-n-s  of  th* 
hammer,  bods  hrmly  upon  it^  otb^i-viint;  ibi^  steel  will  be  broken.  ThAacUilig 
of  a  cnat-8t«6l  dusd  is  effected  by  blows  of  tJie  getting^hammer  across  itt 
breadth  upon  the  hollow  side  of  it ;  the  angular  face  of  tlie  hammer  cut»  to  • 
alight  depth  into  the  substance  of  Qin  st4?elchigeh  and  iri  that  manner extundt, 
ihe  side  so  as  to  make  the  chisel  stz^ght ;  tlie  eaine  method,  m  priuiipk, 
apphed  to  table  knives,  scissors,  luid  some  other  ihiugB. 

Saws  are  made  of  cast-steel  i  and  the  ingota  for  all  but  cro«8-eut  saws  ar« 
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flut  oblong,  and  from  1}  inch  to  If  inch  thick.  CioBS-cttt  ingota  are  cast  bo 
that  one  ingot  will  make  a  saw,  as  represented  in  Fig.  Ift ; 
M  that  when  the  ingot  ia  rolled  end  on  to  the  length  of  the 
fatended  saw,  it  will  be  nearly  the  shape  required,  this  shape 
of  ingot  being  adopted  to  prevent  wasting  steel ;  for  it  must 
be  nndentood,  that  in  rolling,  the  steel  extends  the  waj  it  ^'  ^*- 
ii  put  ihroagh  the  rolls,  and  scarcely  at  all  in  breadth.  Sheets  are  rolled 
tqaare  when  large  drcnlar-saws  are  made ;  smaller  circular-saws  are  cut  from 
ibeets  the  breadth  of  their  diameter.  Saw  ingots  are  made,  both  in  quality 
ind  weight,  to  suit  the  particular  kinds  required.  An  ingot  29  lbs.  weight  will 
make  a  dozen  26-inch  hand-saws ;  and  at  the  mill  it  is  first  rolled  into  a  sheet 
■boot  five  feet  long,  then  cut  with  the  shears  into  six  equal  parts,  each  of 
which  will  roll  into  a  sheet  20  inches  long  and  10  broad,  and  be  the  gauge  in 
thinknesa  suitable  for  that  kind  of  saw.  Each  sheet  is  cut  in  two  diRgonally, 
having  the  point  of  one  saw  and  the  broad  end  of  the  other  at  each  end 
of  the  sheet  Saw-makers  hare  pattern  templets  for  all  the  kinds  of  saws 
ihey  are  in  the  habit  of  making ;  taking  a  2&-inch  hand-Baw  plate  as  an 
example,  the  templet  is  laid  upon  it,  and  its  shape  marked  upon  the  steel, 
ttie  waste  part  pared  off  by  a  pair  of  strong  shears,  which,  until  lately,  were 
worked  by  hand.  Now,  however,  some  of  tlie  larger  manufacturen,  who  have 
■team-engines  upon  their  premises,  have  sheorB  of  a  very  superior  construc- 
tion to  the  old  ones,  worked  by  steam-power,  by  which  one  man  can  do  more 
woric  than  four  could  do  by  the  old  method,  and  do  it  much  better. 

Saws  are  heated  in  an  air-fomace,  erected  outside  the  hardening-shop,  but 
Mmmnnicating  with  it  either  by  a  pair  of  metal  doors  opening  into  the 
fiunace,  or  one  door  sliding  up  and  down,  and  counterpoised  like  the  furnace- 
doors  of  a  rolling-mill. 

Instead  of  being  dipped  in  water,  saws  are  dipped  in  oily  fluids.  Some 
law-makers  affect  to  make  a  matter  of  mystery  and  importance  of  the  compo- 
dtion  of  their  hardeniog  fluid.  Three  kinds  will  probably  comprehend  them 
all;  viz.  whale  oil,  tallow,  and  common  yellow  resin,  in  different  proportions ; 
or  whale  oil  and  tallow ;  or  whale  oil  simply,  without  addition.  The  harden- 
Ing-shop  must  have  at  least  two  troughs  to  contain  the  fluid ;  one  of  them 
long  enough  to  dip  the  longest  saws,  and  the  other  round  and  large  enough 
to  dip  the  largest  circular  saws.  The  same  care  is  required,  as  in  the  otlier 
eues.  not  to  overheat  the  steel ;  and  also  that  in  taking  the  plates  out  of  the 
fiimaoe  to  dip  them,  they  are  not  bent  with  the  tongs  when  being  removed 
from  the  furnace. 

Taking  a  sheet  of  rolled  steel,  of  the  requisite  size  and  thickness  for  the 
required  kind  of  saw,  it  is  cut  into  the  prox>or  shape  by  the  shears  aa 
described  above ;  its  edges  are  prepared  by  filing  and  grinding,  for  cutting 
the  teeth.  These  are  formed  by  a  die-cutter,  worked  by  a  fly-press,  the  sheet 
of  steel  being  moved  uniformly  forward,  sfter  each  descent  of  the  die,  so  as 
to  seonre  regularity  in  the  distance  of  the  teeth.  The  rough  edges  left  by  the 
die  are  removed  by  filing ;  and  the  saw  is  then  fitted  to  undergo  the  pro- 
of hardening  and  tempering.    The  hardening  is  accomplished  b/ 
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beating  tlio  saw-plate  to  a  chfirrr-rcd,  and  pttm^g  it  into  &  muitare  cf  resm, 
pitch,  (txid  oily  fluids,  imtil  it  i&  cold  enough  to  handle.  It  i&  now  exlreaiGlj' 
hard  and  brittle,  and  ia  tempered  bj  being  paaaed  over  a  clenj  charrosd  ^, 
until  the  unrtuous  mciLter  adbcriiig  to  it  Ie  burnt  &!?<  or.  na  it  is  t«i;iItiac»U7 
called^  bfii^ed.  The  eaw  is  now  flattened  while  still  warm,  and  any  warpiug 
it  may  hare  received  in  the  above  process  removed  by  hainmeriijy ;  it  is  tlien 
removed  to  the  gjiuder'a  wheel.  The  gnndstaneB  Tory  in  diameter  accgrduig 
to  thfl  size  of  the  fiftws  they  aro  required  to  grijid  ;  to  prevent  the  saw  from 
bending',  it  ia  fesieued  1.^nth  one  fa<%  in  contact  nith  a  tiftt  board,  ^hiie  th« 
ot)i«f  is  applii^  by  tbo  grinder  to  the  circmnfereuco  of  the  revtjlvijig  stone. 
The  grindstone  is  made  to  revolve  ^th  tlie  greftteat  rapidity,  and  the-  griiider 
preasjfi  the  board  and  saw  against  the  elono  mill  the  wholo  weight  of  hia 
body,  moving  it  from  riglit  to  left  witii  botl;  handa,  so  aa  to  secure  an  etch 
siu'faco.  A  second  hammering  now  removes  any  warping  the  aaw  inny  have 
rec4?ivcd  in  grinding ;  and  an  npplicntiQii  of  it  to  the  hent  of  a  coke  hre  and 
ftange,  until  it  assumes  a  ftunt  atraw-eolotif ,  restores  its  temper  a^id  ehisiidty 
The  mai-ks  of  the  ImTTimer  beijig  removed  by  fl  light  application  of  tjte  saw  to 
the  grhidatoDQ,  the  tinaj  polish  is  given  by  a  hard  stone,  a  gliusing-wbed 
covered  with  biifT  leather  and  emery,  or  a  wooden  wheel  called  the  hnriifiMiU 

The  saw  is  now  cleaned  ofl", by  being  rubbed, lengthwise,  with  fine  emery 
itppUed  by  a,  piece  of  cork-wcod;  the  nei^t  process  in  called  wtiir^'j,  w}ii?h 
conaista  in  bending  ench  tooth  in  order,  one  on  one  aide  and  the  oltemiite 
one  on  the  other  of  Uie  plane  of  the  saw.  PerliapB  the  whole  raijge  of  the 
arts  does  not  afibrd  a  more  marveUous  exhibition  of  manual  dext^ty,  Ihaa 
the  mfttiner  in  which  a  skilful  setter  aceompliahea  lliis  operation.  He  fi«s 
UxQ  saw  in  a  vice*  tnkes  a  small  hammer,  gives  two  or  three  taps,  and  then, 
with  a  rnpid  Huccesion  of  blows  wnich  the  eye  can  Gcarcely  follow,  he  bendj 
each  alternate  tooth,  without  missing  one  or  atriking  two  in  H«<M;c«moii. 
Marrellous  as  this  ia^  it  ia  far  eicetded  by  his  next  feat— he  now  reveiw* 
the  position  of  the  saw.  and  by  tho  earae  rapid  motion  of  tlie  hammer*  fitrikei 
tie  ftUemate  teeth  omitted  before  :  a  failure  of  eye  and  hand  here  wonM 
inevitably  spoil  the  ^aw,  for  ono  tap  on  a  wrong  tooth  would  brcaJk  it  olT 
and  CDDBign  it  to  the  ttmstf  basket. 

After  being  Get,  the  flaws  are  placed  in  a  vice  between  two  leail  pUles,  and 
the  teetl)  sharpened  by  a  tn^mgular  file  ;  tlie  hojidlea  are  fixed  on  by  xinU 
and  screws ;  and  the  saws  being  cleaned  and  oiled,  are  placed  in  brown 
p^per,  and  are  then  ready  to  pass  out  of  tJic  manufacturer's  hand. 

Porliiipa  it  may  be  as  well  here  to  remark,  tJiat  tlte  bejit  way  of  keeping 
any  article  of  eutlery  which  is  not  in  use,  frea  from  mat,  is  to  dry  it 
thoroughly  and  wrap  it  up  in  broi\Ti  paper 

A  method  of  heating  stecil  goods  for  hardguing^  which  posseBses  eomo  itn^ 
portant  advantages  over  tliose  in  common  uae»  haabeen  oceasionalJy  practised 
by  a  few  persons  who  were  in  advance  of  their  neighboura  many  yeara  ago ; 
but  it  ifl  not  so  generally  known  or  adopted  in  Sheffield  ua  it  deserves  to  be  j 
and  in  recommending  ita  more  general  nee,  it  ahonld  be  underatviod  tliai  nothing 
ie  m.d  h^r«  of  a  doubtful  or  merely  Fpecxdative  kind,  but  that  oii]y  which  haji 
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nccesBfnlly  practised  recommended.  Mr.  Nicholson,  the  mathematical 
tnent  maker,  when  engaged  upon  some  delicate  steel  work  abont  fifty 
etgo,  said  he  found  the  greatest  impediment  to  his  euccess  to  arise  from 
ficnlty  of  heating  the  steel  equally ;  after  several  unsuccessful  attempts 
jceeded  in  finding  a  remedy  by  using  a  bath  of  lead.  Mr.  Stodart, 
and  surgeon's  instrument  maker,  more  than  forty  years  ago,  tells  us  that 
L  lately  tried  this  method,  and  found  it  to  be  a  great  acquisition  to  the 
To  this  old  testimony  in  its  favour,  modem  experience  may  be  added ; 
]y  when  applied  to  the  heating  of  things  an  ounce  or  two  in  weight, 
can  now  be  said  that  it  answers  equally  well  for  articles  up  to  twenty 
s,  BO  that  it  is  applicable  to  the  heating  of  mo^  kinds  of  steel  goods. 
wax  and  size  of  the  bath  wiU  of  course  vary  with  the  form  and  size  of 
deles  to  be  heated  in  it,  but  should  in  all  cases  be  considerably  larger 
he  size  which  a  single  article  of  the  kind  would  require,  in  order  that 
th  may  be  kept  at  a  more  equable  temperature  than  it  could  be  if  it 
Quch  affected  in  that  respect  by  plunging  one  or  even  several  of  the  cold 
m  into  it.  For  this  reason,  if  the  bath  be  intended  to  heat  articles  of 
il  ponnda  in  weight,  it  should  be  capable  of  holding  not  less  than  five 
edweight  of  lead.  It  should  be  of  cast-iron  three-fourths  of  an  inch  or 
li  in  thickness,  with  a  broad  flange  to  rest  upon,  and  so  set  in  the  brick- 
that  the  fUel  can  act  upon  it  on  all  sides,  and  heat  the  vessel  and  its 
its  redhot.  The  room  in  which  it  is  placed  should  be  well  ventilated, 
in  wen  to  fix  it  under  a  flue  with  a  wide  opening  at  its  lower  end,  Uke 
ehimney  of  a  smith*8  hearth,  in  order  to  caxzy  off  any  fumes  arising 
he  bath. 

a  red-heat  the  surface  of  lead  oxidizes,  but  not  very  rapidly ;  and  if 
Hewing  precautions  be  taken  to  prevent  it,  the  loss  fix)m  this  cause  will 
y  small : — ^Have  a  piece  of  iron  to  cover  part  of  the  lead,  leaving  only 
ch  uncovered  as  may  be  necessary  for  conveniently  dipping  the  steel 
airing  the  lead.  Iron  laid  loosely  and  floating  upon  the  sur&ce  of  the 
I  lead  is  better  than  a  fixed  shelf,  because,  rising  and  falling  with  the 
'tty  of  lead,  it  always  adjusts  itself  to  it.  The  other  part  of  the  lead-bath 
I  be  covered  with  waste  charcoal.  The  waste  charcoal-dust  thrown  out 
less  at  converting-furnaces  answers  very  well. 

me  of  the  advantages  of  this  method  of  heating  are  so  evident,  that  it  is 
t  unnecessary  to  enumerate  them ;  but  every  person  accustomed  to 
ig  in  a  hearth- fire  knows  how  difficult,  or  rather  how  impossible,  it  is  to 
ay  instrument  with  thick  and  thin  parts  equally  throughout,  so  that 
in  parts  shall  never  become  too  hot  during  the  heating  of  the  thick 
n  a  fire  which  is  much  hotter  than  the  steel  is  required  to  be  heated  to. 
he  load-bath  being  heated  only  to  the  proper  temperature  for  hardening 
nothing  immersed  in  it  can,  however  thin,  be  overheated  in  any  part, 
leculiariy  well  adapted  for  razors,  surgeons*  instruments,  and  cutting 
ments  generally.  Files,  to  be  heated  this  way,  are  prepared  in  the  ordi- 
nanner :  the  lead  leaves  the  file  and  does  not  adhere  to  the  teeth,  as 
be  apprehended.    Article*  are  heated  more  quickly,  as  weU  as  more 
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\\  iisou  s  oxcclU'ut  paper  "  Ou  tlio  Mnmiriu 
tlie  Society  (:*f  Arts  in  April,  l^oiK  and  ropt 
Mr.  AVJlsou  tells  us  that  the  steel,  as 
tilted  or  rolled  to  diiTercut  sizes,  suited  tc 
duccd.    To  ensure  tho  necessary  degree 
compact  and  dense ;  it  is  not  considered  t 
reason  is  not  very  evident ;  l)ut  it  is  kuo\ra, 
*  more  kindly*  after  being  kept  some  time, 
class  cutlery  who  attend  to  this,  tieeausc,  to 
Btock  seems  like  too  much  idle  capital,  tht 
obtain  tbe  best  results.    Instead  of  keeping  i 
use  inferior  steel,  which  is  softer  and  easier  t< 
and  favouring  cheapness  of  production.    Auot 
softer  steel  is,  that  it  is  less  liable  to  waste  fri 
afterwards  explained.    The  forging  of  orticl 
in  all  cases,  except  that  smaller  articles  are 
larger  ones  by  double-handed  forges.    TIlus 
&c.,  are  forged  by  one  man ;  table  blades,  razor 
a  maker  and  a  striker.    The  maker  attends  mi 
the  striker,  using  a  heavier  hammer,  *  draws 
steel.    It  requires  several  *  heats  *  to  complete 
articles  of  cutlery  are  mostly  made  entirely 
bows  of  scissors  of  large  size,  and  the  boUters 
made  of  ii'on,  for  the  double  purpose  of  eco 
the  labours  of  those  who  work  after  the  forger 
together  in  a  very  simple  manner.    The  bum! 
than  that  of  iron,  and  the  quality  of  the  steel 
to  incandescence ;  but  iron  may  be  heated  to 
iijuzy.    When  both  are  heated  to  the  rem 
dipped  in  a  flux,  r^ne^"**-- 
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desired,  ia  struck  upon  the  blftde,  which  is  then  liftidened  by  li(.'fititig 
to  »  reil-heat^  and  immersin«»  il  in  wfttcr.  If  the  eteel  lie  fioiyd.  it  be- 
com«s  excessiTely  hard  and  brittle ;  but  ita  temper  and  eldsiicitY  are  j^vcn 
by  Ai^m  fiubmittiiiy  it  to  ft  moderate  de^Tee  of  ht;at.  nhich  a  sdcilfiil  tvork* 
man  can  i¥gu]ftt«  by  wakhinj,'  tli©  chancing  colour  of  the  siecL  Tliis  Trill 
show  the  reaaonfl  for  making  tlie  bolsters  of  tabic  CTitlLfty  of  iron.  The 
latter  iu*:*tal  is  not  hardened  by  the  above  procesa;  so  tliat  the  bolstora  of 
iM.h\t:  ktiiv^f!^  and  bows  and  sJianks  of  scissors,  cbjx  be  fi]ed  and  biiniished,  or 
•  dre«eed,'  by  any  other  procesa*  while  the  blades  are  bo  hard  as  to  resist  the 
operation  of  a  file.  The  procesa  of  hardenuig  is  so  itnporUnt,  that  it  Trill 
not,  perUnps,  be  doemed  ti^dioiis  if  I  offer  a  few  rctaarka  upon  it,  especially 
as  it  will  show  the  importance  *.jf  a  good  feeling  botween  eini)]o3'er  and  em- 
pU^od.  It  hoe  already  beeu  stated  that  soft  Bteel  la  less  liable  to  waste  from 
CVAeltti  or  fracture,  The  process  of  hardening  is  so  delicate,  tliat  a  shght 
difference  of  heat  in  execss,  either  in  the  fire  or  water,  destroys  the  quality 
of  the  steel,  or  cracks  the  bladea.  Cold  is  equally,  if  not  more  destructive ; 
ftnd  bladea  are  said  to  be  *bnmt,'  •  ecoldcd/  or  '  water  cracked/  qs  Ihe  case 
mfty  be.  In  fotj^g',  too,  if  the  steel  be  heated  too  muoli,  its  close  texture  is 
defstroyed.  and  it  Las  more  the  appearance  of  iLo  coatbd  cryEtaliizatioii  of 
iron. 

The  next  process  is  *  grinding.'  The  stonea  of  aome  parts  of  Sonth 
Yorkaliire  aro  particulnj-ly  adnpfed  for  this  purpoae ;  i^ey  are  found  at  the 
qnarnes,  of  a  runnd  shape,  like  a  chees<?,  and  of  varioiiB  sizes.  Sttmes  for 
^ndinrr  table  knives  are  about  four  feet  in  diomotor  and  ten  Inohca  in 
thickness.  To  prepare  them  for  rtinning,  a  hole  is  made  tlirough  tlie  centre, 
in  vtuch  is  inserted  tlie  asle.  Formerly  the  stones  were  fitted  upon  their 
oaclcfl  by  means  of  wooden  dredges ;  but  as  wood  is  apt  to  swell  isith  water, 
tilt  wedges  not  tmfreqnently  caused  the  atones  to  sphtj  and  fatal  resnllswere 
common-  Now  they  are  generally  held  at  tho  sides  by  a  pair  of  strong  iron 
pUtes,  like  qnolts,  screwed  tiglitly  to  the  stones,  which,  even  tlms  fastened, 
sot  tmffeqtiently  break.  On  the  wliole,  liowerer,  they  aro  far  more  scoure, 
ftud  tlir  uceidents  rt^sultlng  frombreaknf^e;?  are  less  serious  In  Uielr  character. 
When  it  ia  slated  that  Ibeao  stones  raake  from  one  hundred  to  two  hundred 
retoluiioiis  per  minute,  it  will  be  understood  that  tht  beat  generated  by 
friction  between  Una  etones  and  tlie  blnde,  niider  a  prcsanre  of  several 
poundFr,  iiill  be  very  great ;  indeed,  H  is  such  that  a  piece  of  iron  or  steel 
iroutd  become  redliotin  a  few  seconds.  Tliis,  of  courap,  wonld  destroy  the 
temper  of  the  blade,  and  render  it  tinfit  for  nse :  to  obviate  thia^  tlie  stones 
tevolre  in  a  troogh  of  water,  thus  keeping  the  blade  cool  wldlo  gnnding  it 
ic  the  required  ^arpness.  Tho  next  process  as  regards  table-knives  is  to 
l^oxe  tht  hladefi:  this  ia  done  on  a  large  tool  cnljed  a  '  glazier ;'  it  is  from 
three  to  four  feet  diameter,  and  about  two  inches  broad.  It  is  formed  in 
■Bclions  of  dried  M'ood  to  prevent  cracking;  and  on  this  Htuface,  or  covered 
with  leaihpr,  '  dressed'  with  emery  prepnretl  with  beeswax,  the  blades  are 
ghuEOd  s»'Veral  timesj  nnlil  of  tlie  reqnircd  fiuenesa.  Spring  kuives  aro 
ground    upon  stones  from  Uiirty  down  to  nine  inches  in   diameter,  and 
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vttTjing  from  two  and  a  liftlf  to  five  iuclies  in  tliickivifss,  TIju  biadtti  are 
first  rougtily  ^ound.  to  reduce  them  from  pieces  or  Emnpa  of  steel  to  cutting 
infjtmments ;  and  to  eiiab!«  tlic  '  ctiUer,'  or '  fietter-in,'  to  lit  tliem  to  Itte  h^iA. 
It  o/tvn  hAppeua,  bp^'cvor,  tliat  the  edges  of  the  blAdee  iu-12  injured  befoi^ 
tlie  knife  ia  coinplcietcdt  so  tbat  the  edge  lias  to  be  ivstored*  and  tlxe 
requisite  polish  ^vca  to  tlic  Lladc.  This  h  called  fitusliing,  but  ia  the  work 
of  the  gnnders.  This  pracc^s  was  foimerl)'  dauo  npon  diy  stones,  and  tma 
con^dered  highly  deUi mental  to  Uii^  health  of  the  workmen,  and  many 
attempta  made  to  remedjr  the  CTil.  The  most  successful  plBn  ret  introduc^ 
is  A  revolving  &m»  which  ia  ccnuiectc^d  with  ft  pipo  cxtcEding  frgnx  tlie  iis>iii 
of  the  stone  to  Hie  exterior  of  tJio  building.  The  action  of  the  fkn  effectc 
a  partial  cxhau^tiou  of  the  air  In  tlie  pipe«  and  tho  atmosphere  muhing  to 
supply  the  partial  vactium,  corriea  with  it  the  particles  of  gi-it  and  steel 
evolved  from  the  sarface  of  the  alone.  But  for  tljo  strengtli  of  tUiH  current 
theeo  particles  ^oiild  be  inliakd  by  tbo  Trorkmen,  and  that  diatresfiing 
complaint  kno^Ti  an  the  "  gviudcrs'  astluna"  produoed.  The  dry  stone  is 
rnrcJy  nged  m  the  knif<»  trade,  as  it  is  proved  by  experience  that  the  work 
foriuorlj  done  on  tlie  dry  stone  can  be  done  ns  well  on  a  wet  one,  vdtb  this 
advantage,  tJjat  in  Uic  use  of  dry  etoocSr  bladDS  were  frequently  softened  by 
friction :  whereas,  by  tlie  n&e  of  a  wet  stone,  such  occurrences  are  rare, 
thoagh  not  ImpA^iblo.    The  dry  Btmic  is  ns  yet.  howcTer,  iudbpcu^able. 

When  a  blade  is  reduced  to  a  proper  strength  and  elasticity  on  the  (*dge^ 
which  shoold  be  done  on  a  small  5t^>nG»  to  iusiure  the  concavity  of  its  sidos^ 
tlio  neit  proci?S8  is  to  give  it  smoi^thness  and  more  completo  regularity  than 
can  be  cfiTectod  oa  a  stone;  tills  is  done  on  a  to^d  technically  called  a  '  lap/ 
It  is  a  wheel,  fanned,  as  before  stated,  in  sccdona  of  wood,  covered  with  a 
surtiee  of  lead ;  Uiis,  also,  is  dressed  with  emer}'  and  becswai,  and  greater 
tiaeness  is  given  to  lli©  steel  by  the  use  of  vitreotm  or  gilleeous  sCi.^ufa. 
For  all  purposes  of  utihty,  the  blade  is  now  sufiicieully  cowpiete ;  but 
wherG  a  high  finiah  ia  desired,  it  is  polished  by  friction  with  '  crocos/  or 
oxide  of  iron,  upon  a  wheel  covered  wiUi  It^ather,  Thiij  opeoition  is  nioetly 
porformcd  by  boys,  who  begin  to  leam  their  trade  by  finishing  tlio  articled 
upon  which  tliey  ore  employed.  The  blnde  now  only  requires  to  be  *  8*1/ 
or  wbotied,  and  it  ia  ready  for  use,  Somo  of  the  more  common  kinds  v( 
cutlery  are  done  on  a  wooden  glazer.  The  appcarauce  of  thia  work  is  rath^ 
coarse,  but  good  usuful  blades  mny  be  got  up  in  tliis  maoner. 

The  opprations  in  grinding  eoissors  bear  so  close  a  resemblance  to  UiA 
above,  that  to  describe  them  would  be  a  needless  repetitioa.  Tlieru  an, 
however,  some  points  of  did'erence  in  razor-grinding  that  it  may  be  Trorth 
while  to  mention.  In  maaufacturing  the  bettt-r  class  of  maors,  it  is  usual  to 
'shape'  them  before  they  are  hard^i^ncd  ;  and  this  operation  is  performed 
upon  a  dry  stoae,  The  reason  for  this  is.  that  a  sUnw  revolving  in  water  ia 
much  softer  than  when  dry ;  nud  as  the  process  of  '  shaping '  ia  mnch  like 
ficrsping  the  Btone  away,  it  will  be  c!vide:nt  that  die  use  of  Uie  dry  stone  is 
more  economical ;  and  as  razors  are  done  on  very  small  stones,  there  would 
be  considerable  loas  gf  time  in  preparing  ut^w  ones  if  thev  were  wont  down 
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vith  needless  rapidity.  The  stc^I  also  being  soft,  tho  opcratiou  m  mora 
npidly  performed,  and  no  injury  ia  done  to  tlie  blade  by  frictionftl  hent,  "NVlieii 
liardene^,  th«  bludea  ar«  giotuid  upon  small  stones.  The  coucanty  of  the 
aldeB  of  totne  r&zora  mny  be  judged  from  ike  fact  of  tho  &toiiea  being  worn 
dovn  to  three  iBches  dinmetef.  Some  razors  are  made  still  more  concaTc  by 
beiDg  ground  on  n  stone  with  a  round  Bitr&co ;  but  this  is  a  more  difEcult 
iiiid  coHtly  proeesB,  without  being  attended  witJi  corr«8iianding  advantages. 
Good  TtL£or9  may  be  ground  on  tools  of  six  or  sctcoi  iuchcB  diamttfr.  Ttiis  will 
^m  the  neeessarf  ^astdcity  on  the  edge,  and  increased  c^oocavity  cannot 
leweii  the  cutting  angle  of  the  edge,  ou  account  of  tlie  thiciuiesfi  of  the  bach. 
The  ^ninhin^  prooi9fl»  u  much  the  same  oa  in  penknives. 

The  kbouT  and  oonBeqn«iit  finl&h  bestowed  up<;m  tlio  Snest  cutleiy  is 
^on&idenible ;  but  no  amount  of  finish  will  bo  satiafacloiy  without  good 
material  aa  the  base  of  the  eteel :  to  which  freqneut  hanunemig,  which  iu- 
fedor  steel  would  not  endures,  givos  gn;at  dcmsit}'  and  cohe^n.  •  But  the 
oommonest  goods  are  produced  'at  a  heat/  viz.  they  are  '  cast"  or  *run.' 
*  Ctuit-atee],'  however,  wliicli  bc<ars  tlie  palm  for  cutlery,  must  not  be  con- 
foundod  witli  srticles  *CfLSt'  from  steel.  The  former  is,  as  we  have  seen, 
highly  refined  and  cast  into  ingots,  then  tlltod  aud  rolled  &s  before  stated. 
But  the  steel  from  which  articles  are  '  cast' — a  process  of  wliich  wo  hare 
not  hitbcrto  made  mention — ia  \exy  inferior ;  in  faet,  but  one  remove  from 
ixosx.  This  is  melted,  and  blades  '  east'  from  it  in  tuoulds  by  dozens,  just  us 
9tff  smalt  ortiamentif  or  metal- work  are  eust  iu  quantities.  It  la  called  *ruiL* 
•(mI;'  but  its  inferiority  is  ^i  once  ovideui  when  tcated  by  elastieUy  or  by 
fracture.  This  method  saves  the  cost  of  forging,  aud,  as  oiay  be  Buppoeed, 
Is  ffubjected  to  very  littlo  hammering. 

It  is  probablo  that  tho  system  of  making  things  of  Tdb  steel"  com- 
■uotced  wltli  Bcissors,  and  it  would  have  been  wcU  if  the  manufacture'had 
baen  kept  in  its  original  intention.  A  cheap  instrument  was  wanted  in  ili& 
mine  ooualries  to  cut  off  the  bunches  of  grapes.  Tho  acid  of  tho  fruit  spoilt 
ScoBSord  of  the  best  steel  as  soon  as  tbo  coinuioQe^t ;  Iho  idea  occun'tnl,  thert^ 
Core,  of  making  an  exceedingly  common  article  for  this  purpose,  and  *  run'  steel 
offered  the  mesns  of  doing  this.  And  us  the  steullcst  pusmble  amaunt  of 
grinding  that  would  give  an  edge  wns  suSlcicnt  for  tho  purpose  intended, 
■etesors  were  produced  at  pcieea  fabulously  li>w«  TJiis  was  a  legitimate  use 
of  the  cheapening  process.  But,  alas !  for  honesty,  the  idea  grew.  ITie 
IVll|>tation  to  produce  ^ch  goods  in  imitation  of  better,  for  })Oti«e!iold  aud 
boGiness  purposes,  was  too  great:  luid  agreat  trade  in  rubbish  has  ^i^ruug  up 
*-«daaors  may  now  be  purchaaed  iu  any  quantity  at  from  two  fihillings  and 
sixpenee  to  three  glulliugs/jtr  j/row. 

It  is  uot  to  bo  BuppoBed,  however,  that  a  metal  even  bo  good  as  *  run' 
sImI  iti  used  for  these  productions.  No  I  ttie  materiid  ia  baser  still — mere 
|Hg-iroii.  Run  steel  is  used  for  tboso  articles  tliat  are  made  in  imitation  of 
ftl«l-o£as4  goods.  Whenhrbt  'run/ or  'cast,'  it  ia  exceedingly  bricUo,  and 
lequFea  umealing  before  it  ia  '  mode  up/  llicro  is  necessarily  great  simi- 
lAzity  in  the  easting  of  CTery  v&riety  of  c<numou  cutlery.    Table-blades  and 
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forks  (ire  caat  in  large  quftnlLtieB.  Some  years  ago  the  attempt  was  made  to 
coat  rmsor-blodcsia  '  run'  bWcI,  but  the  Hazor  Gi'lnd^B  Union,  much  to  llieii 
credit,  passed  a  resolution  tliat  they  w^niltl  uot  grmii  such,  rubbish. 

Penknife-blwies  aire  too  Bmoli  to  bo  maxlo  in  this  majiner.  They  fife 
prodnced  i^pidly  by  meims  of  a  Hy.  The  Bteel  ia  rolled  into  sheets  of  the 
thickness  n^quired,  cut  iuto  breadths  eqnal  to  thelengtU  of  tlie blftde  intended 
to  be  made.  The  ste«l  is  then  inserted  in  a  '  bed'  of  the  proper  gliap«,  and  a 
stroke  of  the  fly  sends  a  corresponding  punch  through  the  steel,  carryi^ 
'Aith  it  a  piece  of  rolled  eteel  which  is  to  a^t  as  a  blade.  It  will  easily  b« 
imdei^stood  that  a  blade  produced  in  this  way  is  Tciy  inferior  to  one  forged 
from  n  jiece  of  superior  ateeh  It  Jiaa  neither  tlie  compactness  nor  density 
^hieh  cliamcteiise  tlio  best  clflsa  of  cutlery*  Bkdes  miide  by  the  fly-press 
sometimes  go  through  the  procesa  of  hardi^Tiing;  but  the  class  of  goods  thus 
mojiufactured  ia  almost  invariably  of  a  choap  and  useless  kind.  In  griudijtg, 
no  regcu'd  ia  paid  to  the  fJ^e  of  the  article — ^it  ia  not  paid  for ;  and  if  the 
surface  of  the  blade  be  poHahed,  it  Is  all  that  is  required.  It  has  the  appear- 
ance of  a  knife,  and  may  be  sold  aa  one^  Eiltliough  it  does  not  poaaass  th^ 
properly  ^hiuh  should  constitute  its  recommendation  and  its  utility. 

The  discussion  which  followed  Mr.  Wilson's  paper^  was  not  uninstnw* 
tire.  ^Ir.  Moulston,  late  master-cutler  in  ShefQeld,  said  that  the  French 
cutli^rs  excel  ours  in  their  designs  for  omazneutal  v-orkt  or  what  he  terms 
''putting  together,"  in  the  best  claas  of  mannfhotoFed  goods ;  but  he  eonsid^es 
them  dc&cieut  in  gtindlug.  The  Prasalans  he  found  improving  very  &st, 
both  in  tools  and  cutlei? ;  and  ho  arriTcs  at  the  conclusion,  &om  these  cix- 
oumstaitcea,  that  Sbc^eld,  instead  of  intpTOvlng  and  holding  its  position  aa 
other  comtt-iefi  hare  done,  has  been  on  tho  decline.  Iilr.  Moulston  goes  on  to 
ask  some  very  cogent  questions  as  to  the  cause  of  this  stationary,  If  not  r^ 
trogressing,  state ;  amongst  otliera — why  our  trad©  with  the  United  States  in 
axeSt  loug  saws,  augers,  has  nearly  Toniahed  ?  Ho  might  also  hare  aaked, 
how  it  is  Omt  our  own  steel  comes  bock  to  us  made  into  axes  and  augtn, 
which  are  eagerly  sought  after  by  onr  own  woodsmen  ? 

Ikir,  Charles  Saaderscn  does  not  deny  the  close  approach  made  by  the 
fordgner  on  ons  of  our  great  staple  tuanofactures.  "  Manual  labour  is 
cheaper  on  the  Continent  than  with  ua,"  he  gays ;  '*  but  their  steel  is  not  so 
good ;  it  is  not  so  well  manufactured,  nor  are  the  articles  put  together  with 
the  skill  and  neatness  which  distinguish  our  own." 

Hr.  Mc^chi  considered  this  manufacture  largely  afTected  our  national  and 
personal  safety.  Watch-apringswero  our  mainsprings  of  punctuality.  Needier 
made  from  stoel  drawn  mro  were  tlie  Instnuuonts  to  clothe  us.  Oar  nutrt- 
tionwaa  dependent  on  the  reaping  hook  and  scythe.  It  struck  him,  how- 
e^er^  that  Sheffield  was  pre-eminent  in  edged  tools  at  the  I^Hs  Exhibition 
Prussia  might  bo  aaid  to  stand  second  iu  regard  to  quahty  and  price.  On  the 
question  of  national  iiafety,  Mr.  Mechi  stattd  ih&ttJie  best  steol  at  i'Srj  pertoii 
was  used  for  award  blados,  and  he  only  wished  that  the  aame  article  had  boen 
U9ed  for  trenching  tools,  which  were  elill  more  neceBsary  to  the  snccafla  rf 
oar  armies 
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m  THE   APPLIOATIOH  OT  OAST-IRON  TO  THE   MANUFAOTURS  OV  ORBNANCB. 

Inteodnotory. — Iron,  in  an  imperfectly  malleable  state,  appears  to  have 
1>e6n  known  from  a  remote  antiquity ;  it  is  mentioned  in  Genesis,  and  there 
ii  reason  to  belive  that  at  an  early  period  it  was  manufactured  in  forges 
by  the  Persians,  Hindoos,  and  Chinese.  Its  obvious  utility,  and  great  supe- 
narity  over  the  softer  metals  then  in  use,  caused  it  to  be  higlily  prized, 
thoogh  the  extreme  difficulty  of  working  it,  and  the  rude  metliods  then  em* 
ployed  for  its  reduction,  greatly  restricted  its  application.  Cas^iron  was 
altogether  unknown  to  the  ancients,  an  imperfectly  malleable  iron  being  pro- 
duced direct  from  the  ores.  The  rude  furnaces  tlien  employed  would  reduce 
only  the  richest  ores,  and  even  these  in  small  quantities  and  very  imperfectly ; 
bat  as  the  means  of  reduction  have  continued  to  improve,  the  demand  for 
ixoa  has  steadily  increased,  till,  in  most  of  the  ordinary  arts  of  life,  it  has 
superseded  every  other  metal.  It  is  probable  that  in  our  own  island  tlie 
manufacture  was  established  antecedently  to  the  Koman  invasion ;  but  of  its 
oxtent  we  have  little  knowledge.  The  Komans  carried  on  a  large  manufac- 
ture, and  probably  sent  considerable  quantities  through  Gaul  to  Italy.  In 
the  forest  of  Dean,  there  are  large  heaps  of  scoriie,  tlie  refuse  of  the  iron  works 
of  the  Homans.  as  is  evident  from  tltc  antiquities  foimd  with  them ;  many  of 
these  heaps,  however,  have  been  re-smcltod  in  comparatively  modem  times. 

At  the  present  time  the  manufacture  is  conducted  on  an  immense  scale, 
the  annual  production  in  Great  Britain  being  3,070,000  tons,  about  equal  to 
that  of  all  the  rest  of  the  world  put  together. 

In  a  previous  portion  of  this  work,  the  process  recently  announced  by 
Mr.  Bessemer  has  been  discussed  nt  some  length  ;  and  an  analysis,  along 
with  some  comments  thereon,  quoted  from  the  **  Birmingham  Journal,"  the 
writer  of  which  concludes  in  tlicse  words  : — "The  amount  of  iron  oxidized 
by  the  vivid  combustion  which  Mr.  Bcssemer's  process  induces,  we  are  un- 
able to  ascertain.  The  point  which  most  prominently  strikes  tlie  chemist  in 
Mr.  Besscmer's  iron  is  the  largo  amount  of  phosphorus  wliich  it  contains — 
SD  amount  utterly  fatal,  we  fear,  to  the  value  of  Mr.  Bessemer's  method." 

If  this  be  the  fact,  and  entertaining  the  same  views  as  tlie  author  of  these 
strictures  does  witli  regard  to  the  presence  of  phosphorus  in  relined  iron, 
we  should  have  great  doubts  of  its  ultimate  success.  It  is  well  known  that 
the  puddling  process  has  the  cficct  of  removing  the  phosphorus  and  sulphur ; 
and  as  tlieso  two  elements  are  highly  injurious  to  the  quality  of  tlie  iron,  we 
must  pause  before  coming  to  a  conclusion  as  to  how  far  Mr.  Bessemer's 
procesd  is  likely  to  extend  the  manufacture,  or  to  increase  the  appUcation  of 
wrought-iron.  On  the  other  hand,  wc,  in  common  with  every  well-wisher  to 
the  advancement  of  practical  science,  should  most  sincerely  rejoice  at  the 
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it[3pruti<L'li  (ft  nuy  real  itiiprovciiitiinl  in  liie  imanufactare  of  iron ;  and  il 
Mr.  Bt'fisemer's  proceaa  can  be  realized*  we  sLall  liai}  it  us  the  Imrliinyer  of 
a  new  era  in  Uie  application  of  tliismost  important  and  most  useful  ttml^riftl, 
We  have  given  the  furegoin^'  BiaU'meuts  under  llie  imprey&ion  tbat  in 
case  Mr.  BeBsemer's  process  w&a  considered  sticceasfiJ,  we  aljould  then  hate 
Qccasion  to  enter  into  ihe  subject  of  the  changes  which  it  tvould  introduce  in 
the  npplicattoii  of  iron  t*>  every  ugeful  purpose  of  constnictioa.  But  nndet 
ciitisdiig  circumsUnces,  wliere  ao  ninny  douhts  are  entertained  of  itf*  tillitsnate  1 
rcBultg,  we  feel  il  adviaahlc  to  proceed  to  the  invegligalion  of  irfm  nf/j:iliiince$  \ 
as  now  existing,  with  such  material  as  the  present  state  of  the  maaufttclure 
commands. 

In  the  foUowiDg  treatise  wb  shall  have  to  treat — first,  of  the  applicatioia 
of  crude  or  cast-Iron ;  and  suhaequenlly  of  the  application  of  raallcflble  or 
WTOuglit-iron^  and  of  thoir  relative  advantagea  in  couuectian  vdiL  tlie  con-^ 
stttLctive  and  (he  -useful  arts.  fl 

Cast-Ezon  Ordnance, — Under  the  term  Ordnance  are  included  aU  thoefl 
offensive  tteapoua  ivhich  we  call  cannon,  mortars,  or  artillery ;  they  are 
Tisunllj  coMstnif'trd  of  a  coinposition  of  brass  or  of  cast  iron,  wrought-iron 
haviti[^  bcpn  aometimos  eniplo3-cd,  but  up  to  the  present  time  «ith  no  inune' 
diate  pniBpect  of  coming  into  general  use- 
It  is  a  mere  conjecture  at  what  period  these  weapons  were  first  iiivente 
PhilnstrHtus  spe^aof  the  hihuhitatita  of  &ume  city  in  tlic  Ladies  tlirow 
thunder  nnd  lightning  upon  their  enemies  ^  and  some  ivriters  contend  thai' 
tht^i'  were  known  aa  early  aa  the  time  of  Alexander  tlie  Great ;  but  )*ll  such 
early  nccomits  are  exceedingly  ra^e  and  unsatisfactory  :    and  alihotigh 
it  IB  asserted  by  travellers  that  guns  were  used  in  China  as  far  back  aa  Uio 
beginning  of  the  Christian  era,  we  lU'e  satislled,  if  fte  are  to  judge  hojn  tha  J 
state  of  their  ordnance  dnrinp  tlic  war  of  1  iS^3,  tliat  little  progress  covld  Uav^H 
been  made  in  their  artLUcry  practicn  previous  to  tljat  time.  ™ 

The  first  espUcit  mention  of  guns  and  gunpowder  occurs  in  the  worka  of 
Roger  Bttcon^  who  WTote  in  the  (Jiirtcenth  century:  but  they  wen?  never 
practically  employed  until  the  time  of  Sdnvartz,  a  German  monk,  in  lS'^0, 
for  whom  is  cJaimed  the  invention  of  tljc  ami  called  the  vmrtar.  A  story  ia 
related  that  BOme  ingredii^nta,  which  he  had  been  poimding  in  a  mortar,  were 
accidentally  set  firo  to,  and  exploded  with  a  loud  report,  carrjiiig  Uiu  stone 
which  covered  it  to  a  conEiderable  distance.  Tliis  circnmstance  is  mom 
than  probable ;  and  hence  follows  the  origiii  and  retention  of  the  term 
mortar^ 

Shortly  after  tho  dJRcnvery  of  Sehwart?:,  gtins  begun  to  be  employed  in 
warfare ;  and  nn  caetiug  in  iron  wrig  then  unknown,  they  were  made  of  strong 
iron  bars  like  tlie  staves  of  a  cask*  Btrengthened  by  hoops  to  prevent  their 
Beparatiiigr  during  Ihe  dischnj^o.  Some  of  tliese  primitive  guna  are  stiU  to 
be  seen  at  "Woohnch  and  Edinburgh  CuBtie.  Othere*  agfun.  were  made  of 
hammered  sheets  of  iron,  rolled  up  and  hooped  to  tlie  foi-m  of  the  gnn ;  but 
all  these  constnictions  were  bo  impcrfcet,  tliat  their  employmenl  in  warfare 
was  very  limited,  and  they  proved  almost  as  dongcrouB  to  thoir  possessors  as 
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to  tlie  euemy.    James  tiie  iSetiond  of  Scotland  was  Idlled  by  tlie  bursting  of 
one  of  luB  own  cannon,  at  the  siege  of  Roxburgh  Castle,  in  1400. 

At  this  early  period,  not  only  was  the  material  of  the  gnns  defective  and 
the  conatmction  imperfect,  from  want  of  skill  in  the  mannfaotnre,  but  it  is 
probable  that  the  gunpowder  also  was  deficient  in  strength,  and  was  used  in 
ntsU  quantities.  Hence  it  was  that  so  long  a  time  elapsed  before  they  were 
bronght  into  general  employment.  In  1346,  during  the.reign  of  Edward  the 
Third,  they  were  made  use  of  at  the  battle  of  Gressy,  and  in  1347  at  the 
Bege  of  Calais.  From  that  time  wo  hear  of  no  improvements  in  their  con- 
•traction  till  1394,  when  they  were  employed  at  the  siege  of  Constantinople 
by  the  Turks ;  and  we  have  reason  to  believe  that  the  cannon  used  by  them 
verecost  of  brass,  as  they  thrcv  balls  of  100  lbs.  weight,  but  generally  burst 
at  the  first  or  second  round.  From  this  time  till  casMron  came  into  use  for 
the  manufacture  of  guns  and  mortars,  we  may  reasonably  infer  that  they 
were  mostly  of  brass,  and  that  the  old  system  of  hoops  and  bars  was  discon- 
tinued. At  what  period  iron  first  came  into  use  for  the  casting  of  ordnance 
a  oncertain,  but  it  is  supposed  that  several  32-pounder8  were  cast  during  the 
nign  of  Charles  the  Second.  Mr.  Muller  was,  however,  the  strong  advocate 
of  iron  as  a  substitute  for  brass ;  he  argues  forcibly,  and  maintains  that  it  is 
not  only  stronger,  but  more  retentive  of  force  than  brass  :  and  states  that 
**  the  advantage  of  useing  iron  guns  in  the  field  instead  of  brass  will  be,  that 
file  expenses  are  lessened  in  the  proportion  of  the  cost  of  brass  to  that  of 
iron,  which  is  as  8 : 1."  And,  again,  *'  the  only  objection  against  iron  is  its 
pretended  brittleness ;  but,  as  we  abound  in  iron  that  is  stronger  and  tougher 
than  any  brass,  this  objection  is  invalid.  This  I  can  assert,  having  seen 
■ome  that  cannot  be  broken  by  any  force,  and  will  flatten  like  hammered 
iron.  If,  then,  we  use  such  iron,  there  can  be  no  danger  of  the  guns  bursting 
in  the  most  severe  action."  Such  were  the  views  of  Muller  at  an  early 
period  of  iron-casting ;  but  it  was  not  until  after  a  long  succession  of  years 
that  east-iron  came  into  general  use  for  this  pui-posc. 

The  Canon  Company  in  Scotland  were  among  the  first  to  introduce  im- 
provements in  the  manufacture  of  cast-iron  guns ;  and  Mr.  Charles  Gascoigne, 
one  of  the  earliest  directors  of  those  works,  invented,  or  rather  improved,  the 
eanronade,  which  was  established  as  the  standard  navy  gun  in  1770.  We 
tte  not  in  possession  of  the  mixtures  from  wliich  these  and  other  guns  since 
fltat  at  Carron  were  made ;  but.  judging  from  the  strength  and  other  properties  ■ 
of  the  metals  tlien  in  use,  we  should  infer,  from  tlicir  durability,  that  a  careful 
selection  was  made.  Under  all  the  circumstances,  it  is  evident  that  the  ma-  | 
terial  produced  at  this  time  by  the  smelting  process  was  more  to  be  depended  > 
upon  as  an  article  of  commerce  than  at  present.  We  have  only  to  compare 
the  guns  which  were  cast  in  tlie  early  days  of  the  Carron  and  Lowmoor 
Company's  works,  with  tiiose  recently  constructed,  to  be  convinced  of  the 
inferior  quality  of  tlie  iron  from  which  the  guns  and  mortars  employed  in 
file  last  war  were  cast 

To  sliow  the  progressive  improvement  that  has  taken  placo  in  the  forms 
of  oidnance,  we  shall  give  a  few  examples  of  ancient  guns :  in  comparing 
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them  with  ihosa  at  present  emplojed,  it  must,  however,  ba  boruo  in  mkd 
tiiAt  there  it  &  wide  dilTt^renre  between  the  sLrength  at  the  gunpowder  of  the 
preseaf  day,  and  that  whicli  was  ia  ti&e  at  the  titno  when  cftst  iron  ordnjuieo 
was  first  generaltj'  employed,  and  before  the  new  system  of  compregfiioa  and 
granuladon  with  powerful  machinery  was  introduced. 

Fig.  1  exhihita  a  brass  ^n,  exGcutod  for  tlie  Frcucb  GoTenuuent  in  Uio 
year  1?IH ;  it  is  highly  ornamentftl^  and  of  great  weight  aud  length.  Fig,  $ 
ia  a  [angitudinal  section  of  the  same,  by  wliicU  it  will  he  soen  tliat  th« 
bore  was  conical*  not  cylindrical.  This  form  was  adopted  to  lessen  Ihy  fric- 
tion :  but  the  wmdtifje,  or  escape  of  the  goa  over  the  boll,  must  hnre  vety 
moi^h  dutireaaed  th^ 
range.  It  wna  ftmnd 
exOt'i:dingly  dilBcuU 
to  work ;  and  when 
of  lorga  calibre*  to- 
tally umnauage&ble. 

Proposals  for  roducln^  the  weight  and  great  exipense  of  brass  guns 

received  considerable 
■''  attentit>n  toward*  the 
middle  of  the  last 
century;  ondthesuh- 
stitution  of  Iron  for 
brass  was  carried  out 
by  tha  improTcmonts  alrendy  noticed.  Shortly  after  th^j  canimencement  of 
the  iron-works  at  Corroa.  it  is  stntQd  tliat  the  armament  of  the  old  "  Royal 
George,"  which  cousiatcd  of  lUO  brass  ^^uub,  weighing  21B  tons,  and  costing 


^:^9,340»  would,  if  cast  of  ht^n,  be  of  less  weight,  and  cost  only  about  ^3100. 

This  is  a  low  estimate  in  favour  of  iron ;  but 

the  iinprovementa  effected  by  the  introjution 

of  the  carronade,  or  ahort  cannon,  not  oxily 

rodue(}d  tbe  weight,  but  inercasedthe  efficiency 

of  the  gun  for  service  on  board  ship. 

rig,  3  representa  tliis  deacripliou  of  gun, 
which  \\m  been  extensively  naed  in  the  navy 
for  many  years  pa&t.  and  has  done  good  sei-vi^je  -  -.,  - 

during  thfl  days  of  Rodney.  Jarvis,  Howe,  and  Ndson,    Fig.  4  represents  a 
howitzer  of  the  some  dato  .  this  weapon  was  eitensiTdy  employed  fot  throw- 
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ing  sbella  utid  other  missiles  on  land  aa  wt:!!  as  on  ship-board.  Sinca  the 
introdncUon  of  Gtea^n  nayig^tion,  ajid  during  the  Iat<!  woi*,  tho  aimament  of 
tbe  navy  has  been  iimnenaeljincreaBed  in  weight  and  power ;  and  the  refiult 
is  B  greatly  extended  range  and  the  emplojmeut  of  heavii^r  mifiBiles. 

Tlie  olyect  of  this  inquiry  is  not,  however,  a  tri^atise  fjn  gunnery,  hut  to 
limce  na  far  as  possible,  frotn  tha  earliest  period  up  to  the  present  tuue^  the 
t,pplicalion  of  iron  to  tha  arts,  destructive  as  well  aa  useful ;  to  trace  tlio 
hnfroTcm^ots  which  were  made  ;  and  to  point  out  the  conditions  and  circum- 
Stuicea  under  which  it  may  be  yet  muro  extensively  applied  oa  a  material  of 
MQsintetion.  To  attain  tiiese  ohjects,  w«  ^hall  have  to  refer  to  the  writiuga 
of  tboae  who  havE  so  largely  contributed  to  the  improvemeut  of  the  m3,terikl, 
As  well  as  its  application ;  and  ako  to  those  researches  In  experimental 
smnce,  wltlc^h  have  reudi^rcd  its  strength  and  other  propertioB  familiar  to 
the  iran-founder  and  the  engineer. 

In  rpgjird  to  the  advantages  of  iron  over  every  other  mftteriftl  at  our 
disposa!  fur  the  constructian  of  cunnou,  little  need  be  said;  its  etrength, 
d^wsity.  ri^dity,  and  cheapness,  all  point,  otit  its  ^eat  superiority.  But 
tnoth<?r  qncsition  arifleg,  not  so  easily  settled — In  what  form  ahoiild  it  be  em- 
ployed, whether  aa  caatriron,  steel*  or  wroiightiron  ?  Up  to  the  present  time, 
Wrought-iron  has  not  been,  in  a  general  sense,  appUedptoerwiae  than  experi- 
mentally: however,  as  our  renders  have  seen  in  ^Ir,  Clay's  paper  on 
Wrought  Tron<  the  monster  wrcu^ht  uron  Riin.  so  for  as  the  experimcDta  have 
proceeded,  has  yielded  very  satisfiictory  results. 

Attempts  were  tnade  some  time  ago  lo  auhatitntG  flteel  for  cfistiron.  in  the 
nuqiufaclni-e  of  artillery  Htrr  Kmpp .  of  Kssen,  one  of  the  moet  difltin|G:nisiied 
steel  nuuntfocturers  in  Europe,  proposed  cast  steel  na  a  material  for  ordnance 
,  I  m  the  year  1847 ;  and  hia  ftrst  gim,  a  a  pounder,  was  submitted  to  very 
l^^vere  teste  at  Berlin  in  It^liK  under  which  it  finolly  burst,  In  lHr«&,  a 
I^Pt^pounder  of  the  same  material  was  sent  to  tliii  country,  which  withstood 
r  tery  severe  tests.  About  the  same  time  a  cylinder  of  caat-steel  waa  sent 
from  I'^Hsen,  wlJch  was  bored  to  the  calibre  of  an  eight-inch  gun  ;  and 
when  here  it  was  eased  in  a  cast-iron  jacket.  The  caat'Stecl  ^n  weiglied 
fire  t-itis,  the  casitjg  four  tons.  It  was  tried  at  Woolwich,  and  burst  on  the 
first  lire,  with  a  leas  wei;;ht  of  powder  thim  the  ordinary  proof  charge.  This 
fttilura  seems  conclusive  as  to  the  inefficiency  of  steel  as  a  RuhsLitute  for 
iron ;  more  especially  when  wo  consider  its  enonnous  cost  Hence  it  is  tliat 
we  consider  oast-iroUi  when  properly  prepared,  to  be  superior  to  every  other 
inatorial  for  the  construction  of  ordnance ;  but  greet  care  requires  to  be  ex- 
erci:sed  in  the  selection  of  the  iron,  find  in  its  preparation. 

Until  Uie  period  when  coal  whs  first  applied  to  the  reduction  of  iron  ores 
tn  place  of  chareoal,  a  ranch  pnrer  iron  was  obtained  Uian  at  present  The 
erode  iron  produced  Eroai  the  charcoal  fumaee  was  gcaerftlly  much  more  free 
from  phos])horij3  and  sulphur;  and  cotisequeiilly  a  much  more  tenacious 
meUih  admirably  adapted  for  citsting  artillery  and  heavy  guns,  ^vas  obtained. 
Bat  since  the  etnployetoentof  coke,  and  mere  particularly  since  the  application 
of  the  hoVblastr  and  the  use  of  raw  cuah  the  iron-master  has  been  onablt<d  to 
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mercBfle  his  praductioQ  tenfold ;  and  suoh  lire  the  facilities  fttforded  b;  Uic 
enoimauB  reductive  power  of  Eaineral  fuel^  that  he  is  tempted  to  increase  tli« 
qaoiitity  vt  ihe  expense  of  the  qunJitj.  hotli  bj  too  rHpidly  fQT<i:iii^  die  GQiclt- 
ing  procesSt  aitd  by  Uie  use  of  impure  mulfriuls.  It  la  true  tlmt  idthougU  l}iitf 
iitcrea^ing  and  cheapeniug  tlie  proce3s  is  n  le^limate  object  on  tlje  part  of 
the  manafACturer,  it  \a  nevertlieless  not  calculated  to  produce  iron  suitable  for 
•rtillery.  Ti\Tien  &  metal  ia  required  for  such  a  purpuse,  the  greftteat  c»» 
should  bo  observed  in  its  prepamdc^D,  Charcoal  iron,  when  it  caa  bfi 
obtained,  is  undoubtedly  the  beat ;  and  it  vrlll  be  found  advantageoua  to  Tfr 
melt  it  several  Umeft  before  caatiog,  if  it  be  of  No.  I  or  Ni>,  2  quality, 

In  selecting  iron  for  guns,  the  Ain&rLcan  governinont  has  ndopted  tlio  plan 
of  testing  the  quahty  by  a  breaking  roacbine,  by  which  tho  t<:nacity  of  tho 
iron  is  fihown  in  its  powers  of  resifitLUg  a  toDflUe  or  trauBTorse  strain.  Thiit 
machine  is  uaefal  to  the  iran^fouuder  iu  selecting  his  material  in  every  cu0 
where  atrenglh  and  tenacity  is  t}i&  object  to  be  attained. 

In  fiome  experimental  rc^arches  undtirtakeik  by  Mr.  Fnirbaim,  at  tho 
request  of  the  Britiab  Aftsoeiftliou  for  the  Advancement  of  Stionce.  and  pnl:i- 
lished  in  their  I'toceediiigs  in  185;^,  the  eSecta  of  remclttng  upon  a  tins 
quahty  of  EgUngtoa  hot  bl list  iron, No.  3,  were  tMted,  audit  was  ascertained 
that  it  did  not  reach  Its  luaximum  power  of  resistance  until  it  had  be^ti  re- 
melted  twelve  times ;  and  from  tlLeuce  to  tlie  fourteenth  indliug  it  deteriorated 
rapidly,  as  may  be  se«n  by  tlie  following  table  of  results  z-^ 
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66ft-9 

VG2Q 

9il  7 

677 

11 

7iia 

6519 

lam 

IU66^ 

fi0-S 

12 

7'iGa 

SQ'2l 

l-«(i6 

11530 

7»1 

13 

7-134 

fi.U8 

1  (;4« 

10J49 

60ft* 

li 

7*5ZQ 

fii);{-4 

vr>\^ 

yi2'9 

flj>i) 

16 

7-Jia 

371-1 

Oi'.43 

23S6 

TW7 

IS 
17 
IS 

7*330 

351-3 

0A56 

ima 

7ft'fi 

7'3S5 

3137 

0-479 

!48-3 

afl-0 

I 


*  In  the  thirteotith  eiprrimeiil  the  ctjbi^  difl  not  beJ  properly  upon  the  rtttl  filfili^A, 
Atherviieit  would  have  resisl*^J  a  murb  ermti-r  fordo — pnil-iihlv  ftftm  tigbty  ti>  i  i^Jily- 
five  ton*.  It  ii  aI«o  ti»  hv  oJj*rvi?d  that  there  ia  sorwo  8i-u<»nJanc«  biitwtvtt  lJir« 
eipt^rimenti  and  the  similnr  .ni-s  tm  nialk-ablw  iron  ri^p4}rtid  in  Mr.  Clay's  lapt^  U 
piigt  313,  where  the  (fruutuat  jcaUting  iiftoo  ouiurrt-d  tit  tht  sixth  hcauug. 
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lUe  resulLs  ou  iransverso  brealtiiig-wcigiit  were  obtained  from  experiments 
on  bars  of  one  inch  square  and  four  feet  six  inches  between  supports :  tliose 
on  impact  were  calculated  by  multiplying  the  tranaverse  breaking  weight  by 
the  ultimate  deflection ;  and  those  on  compression  by  expeiiments  on  three- 
quarter  inch  and  five-eighth  inch  cubes. 

Other  experiments  were  undertaken,  but  they  varied  considerably  firom 
the  above;  some  specimens  attaining  their  maximum  strength  at  the 
thiid  or  fourth  melting.  In  order  to  determine  the  value  and  resisting 
power  of  castiron  under  different  modes  of  treatment  in  the  preparation 
of  metals,  Mr.  Fairbaim  was  requested  to  undertake  a  series  of  experi- 
ments on  24-pounder  guns,  under  the  direction  of  the  Board  of  Ordnance ; 
and  as  these  experiments  exhibit  important  results,  we  are  probably  justified 
in  giving  the  following  abstract  from  the  Beports  of  the  Boyal  Artillery 
Institution : — 

Mr.  FairbainCa  Experimental  Cast-Iron  H^Pounder  Ouna. — Six  experi- 
mental 24rpoundcr  iron  guns,  each  nine  feet  six  inches  in  length  and  fifty 
owt  in  weight,  were  cast  under  the  direction  of  W.  Fairbaim,  Esq.,  by  the 
Bank-Quay  Foundry,  during  the  months  of  August  and  September,  1855 ; 
the  greatest  possible  care  was  used  in  selecting  the  strongest  and  purest 
metal,  and  in  every  process  connected  with  tlie  casting.  The  guns  were 
lettered  A,  B,  G,  D,  E,  and  F. 

**  A — Cast  from  the  Bank-Quay  Foundry  mixture,  consistmg  of  :^ 

Blaenavon  cold-blast  \  No.  2  15  »  f  •  •  ^8  cwt. 

I  No.  3  26  „  J 

Lilly's  Hall  cold-blast    No.  3   .  .    •  .  ,  82   „ 

Poutypool  cold-blast      No.  3   •  ,    *  •  •  15    „ 

Total  90   „ 

'*B — Cast  from  pig-iron  remelted  once,  and  then  nm  into  the  mould  in 

the  usual  way. 
**  G — Cast  from  the  Bank-Quay  Foundry  mixture,  mn  from  the  cupola 

and  remelted  by  desulphurized  coke. 
»D — Cast  from  the  Bank  Quay  Foundry  mixture  under  a  deadhead 

pressure  of  thirteen  feet  nine  inches. 
"E— Cast  from  pig-iron  remelted  once,  and  then  mn  into  the  mould 

under  dead-head  pressure. 
**  F — Cast  from  the  Bank-Quay  Foimdry  mixture,  with  a  core  in  the 
centre.    The  great  heat  caused  the  iron  core  to  adhere  to.  the  metal, 
and  the  cast  was  consequently  a  failure. 
"  The  guns  marked  A,  B,  C,  D,  E,  were  gauged,  examined,  and  proved  in 
the  Royal  Arsenal  on  the  Otii  and  23rd,  October,  1866,  and  then  removed  to 
fbe  Butt  in  the  marshes  for  experiment.    The  experiments  were  commenced 
Both  November,  and  were  terminated  Slst  December,  1865.    The  charges 
wed  were  as  follow : — 
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No.  of  rt 

unds. 

Powder, 

Ko. 

of  aLot. 

W(wk. 

a 

2 

2 

8 

3 

2 

10 

3 

3 

10 

4 

4  C  butsU 

10 

4 

4 

12 

i 

4 

12 

fi 

6 

*•  Crlioiiere  avera^g  144  lbs.  m  weight*  or  equal  to  fiix  shot,  were  Here 
subBlitutfid  for  the  ahot,  arid  the  expermiont  coutitiued: — 

Ni>.  of  rounds.  Poirder.         CylindeT.  'Wttdi. 

2  12  144  lbs.  i 

2  U  144  ,,  audi  shot.      1  X^liunt. 

1  U  144  „  „  IB  burst. 

1  14  144  „  ,,  1  A  &  £  buf«t. 

"  The  severe  test  which  theae  gtjna  stood  before  hurating',  affords  a  sab's- 
factoty  proof  of  tho  value  of  good  cast-iron  as  a  mnlerial  for  ordnance,  pro- 
vided the  metAl  bo  pToporly  prepared  imd  jndiciouBlj  treated  during  Uie 
process  of  casting.  It  mil  be  obsen'ed  that  C  gnu  burst  nt  a  compuradTely 
early  stage  of  the  trifd;  Ihis  sippeured  to  have  been  caused  by  fmgm«i>ls  ot 
Bhot  broken  by  cantAct  with  each  other  wLthin  tJie  bore.  On  commencing 
thfi  experiment^  the  gtma  were  placed  on  tlie  groTindt  and  their  mtizstlea  suj^ 
ported  by  blocks  of  wood,  aa  ia  uEutd  in  tlic  proof  of^ordnance.  Sods  of  rvxtht 
and  holes  dug  in  the  slop  of  ground  Ln  the  rear,  aomewhat  checked  tha 
recoil.  After  a  tiiae,  wlien  the  gims  were  heaii'iJy  shotted,  the  recoil  becHone 
BO  great  tliat  other  means  for  checking  it  became  neccEsajy ;  beamg  of  wood 
were  driven  horizontaJlj  into  the  back,  and  tlie  button  of  each  gun  broiaght 
against  tlie  end  of  a  beam ;  the  beams  were,  howeverj  booh  eplit.  Heavy 
piles  of  tiniber  were  then  driven  into  the  ground  in  the  rear,  and  supported 
by  croes-beams;  this  formed  a  bulkhead  which  etlectnally  resisted  any  fu^. 
ther  recoil. 

The  number  of  pieces  into  which  each  gtm  hnrat  varied  from  fifteen  to 
twentj'-fonr.  besides  raany  amaU  fra|?menta;  large  piec-es  were  (Jirgini  consi- 
derable distances;  one  pioce  fell  seven  htindred  yards  to  the  right.  In  every 
instance  but  one,  when  the  gnus  burst,  the  shot  or  cylinders  and  shot  were 
driven  into  the  Butt  as  usual.  In  the  case  of  A,  the  exception  alluded  tOt 
erne  half  of  tlio  cyhnder  waa  found  among  the  fragments  of  the  ^n 
appeared  evident  tiial  tbia  gnn  had  burst  before  the  inertia  of  the  chwrye  had 
been  completely  overcome,  and  that  the  cylinder  was  broken  by  contact 
against  tho  fracture  of  tlie  bore. 

"  It  will  be  seen  that  A  and  E  gniiB  st*>od  the  greatest  iiuml>er  of  ronnd 
From  an  examination  of  the  (?ranular  chamcter  of  the  fragments  of  bo 
^na,  it  was  concluded  that  tlie  metal  of  E  was  the  best.  In  tliis  opinion, 
Mr*  Fairbaim  concurred.  He  attributed  the  cloaer  and  stronger  grained 
metal  partly  to  the  remeltlntr  of  tlii>  iron,  ajid  partly  to  tlte  great  length  of 
dead-head,  seventeen  feet  tiirec  inches;  and  it  will  be  adinitled  that  both 
gmiB  stood  an  exceedingly  severe  test." 
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Tlie  foIln^*ing  table  gives  the  number  of  rounds,  weight  of  metal  dia* 
ehoLTgedt  luid  quantity  of  powder  used,  in  the  above  trials:^ 


Mark 

A 
B 
C 
D 
£ 


No.  of 

rounda. 

23 

a2 

17 
31 

33 


Quantity  of  pow- 
^r  ii£ed,  La  llis, 

350 
150 
S30 

364 


Total  weight 
of  shot,  in  itia. 

3120 

2952 

1152 

278* 

3120 


Weight  of  Projected  to  ft 

fragmeRta.  distance  of 

2J  cwt.  £o6 

2i   ,j  300 

4      „  30O 

a     „  450 

700  ur  800 


Fmra  a  Tolnme  of**  R<?porta  of  Experiments  on  the  Strength  and  other 
Proj>erti*^s  of  Metals  for  Cannon/'  publisJied  by  the  GoYemmentof  the  United 
Stat«9  flf  America,  and  presented  to  the  writer  of  thia  ariide  by  the  io' 
telHgent  experimenter,  Mr.  Wade,  wa  have  extracted  the  following  results^ 
which  maj  he  valuable  in  conneglion  with  all  ca&t-iron  coiietructioxiA  wh^re 
gnat  stres^rtb  is  a  doaideratum* 

To  ascei'tmn  in  what  manner  the  f^Tmlity  of  iron  was  affected  by  its  coa- 
lULaancc  in  fusioa,  exposed  to  au  iutoDs^i  heat,  fur  longer  or  gJiorlcr  penoda 
of  time,  four  U  pounder  gtinawerc  cast  and  tested  in  the  usuiil  way  by  filing. 
The  charges  were  go  arranged  as  to  ^ve  a  gradually  increasing  force  at  each 
SQcpes^ve  iire  up  to  Bome  convenient  nrnximuui,  and  then  to  eontmue  that 
till  the  gun  burst.  Thaa,  commencing  with  two  pounds  of  powder  and  two 
fcalla,  the  charges  were  gradually  increasetl  till  they  reached  Uie  njaxinium. 
cluu^e  of  three  pounds  of  powder  and  sixteen  ballst  at  the  twenty  tliird  fire ; 
lids  charge  was  continued  till  tho  thirty  sixth  fire,  and  tljen  tlie  only  pun  re- 
loaimug;  was  tried  with  two  charges  of  bjs.  pounds  of  povrder  and  aevca  balls. 
The  reaolta  are  givon  helow : — 


Endunmoe. 


boo  in  fuvion. 

No.  of  firoa 

Fowd^  uagd, 

No.  of  IibIIb 

Houra. 

xuade^ 

lbs. 

die^'harged. 

i 

31 

75 

367 

u 

H 

U 

415 

a 

38 

102 

461 

«i 

25 

67 

271 

Bum  at  SiBt  Ore. 
BuFHtat  34tli£re. 
Hciuauis  nnbrokeii, 
Buret  Qt  2hih  fire. 


It  would  ftppear  from  tlie  abcve,  that  Iho  three  houra*  fttflian  gave  a  maxi- 
tama  rcsuU  of  tenacity  with  this  iron  ;  and  JTr,  Wade  coneiders  that  th«BO 
luta  fiatisfociorily  prove  that  a  prolonged  exposure  does  augment  the  eohe- 
Irre  atrvngth  of  iron  up  to  eome  limit  not  yet  tvell  ascertained ;  but  that  if  ex* 
tended  btiyond  that  limit,  the  s^engtli  of  the  irou  is  tlierehy  dimiuiKhcd.  The 
aune  tacreasa  of  strength  was  apparent  in  some  experiments  on  bare.  In 
moti  irons,  extended  fusion  has  liie  eHbotof  producing  increased  tenacity  { 
bat  ttjjs  increase  of  strength  ia  more  apparent  in  iron  from  tho  alrfumaoa 
than  from  tiie  cupola,  and  the  utmost  care  is  required  in  aome  irons  not  to 
exceed  tlie  Limita  at  which  fusion  is  sati&factoiily  attained.  Thia  point  ia 
generally  determined  by  the  practised  eye  of  the  furnace  tnan  and  founder. 
In  l^rji,  Mr.  WtLde  made  some  very  fiuccessful  attempts  to  cnst  guna 
lowrand  to  cool  them  from  the  interior.    The  moulds  of  two  $-inch  colum* 


zu 


>IR.   WAPS6   EXPERIMEIHIfl. 


biods  wm'c  placed  iti  open  pits:  uno  of  the  casUags  wus  made  aulid  sod 
cooled  in  the  usual  manner ;  tbe  olhur  was  cast  hoUow  by  meuss  oi  &  core 
formed  on  £L  lube  of  cnst  iron,  through  which  a  fltreum  of  water  circiilated 
while  tho  iron  wan  caoYmg.  Tho  corfi-tube  was  closed  at  tlie  louver  eud,  the 
water  beiug  conducted  to  the  bottom  of  it  by  an  int^ lior  tube  placed  \n  the 
oentra  of  tha  core,  imd  rising  in  the  aiiuuLa.r  space  botween  iht^  tubes,  Idovvet] 
0&  above  tho  coating  in  a  heated  sUle,  The  exterior  of  the  mould  whs 
haated  so  o^  to  prGvcnt  its  cooling  ihere.  Two  IQ^iuch  coliimbiuds  were  flUo 
ca&t,  ono  solidt  tlio  other  hollow  u&  above.  excepLinn^  th^it  tlio  oxt^rior  surfaOfi 
waa  allowed  to  cuol  more  rapidly.  Tbey  were  tried  by  coutinuoua  ti^jg  in 
the  UiiUtd  maimer,  and  the  following  results  were  obtained : — ' 

8-inch  gun,  No.  3i  cast  &ohd     .  .  73  firea. 

8-mch  gun,  No.  4,  cast  hollow  .  .  150O  lires. 

10-inch  gun.  No.  5,  cast  sohd     .  »  20  Iirea. 

lO-inch  gun,  No«  G,  east  hollow  .  .  24!J  hres. 

The  8  inch  giin»  No.  4,  remained  unbrolcen,  apparently  i^apnble  of  much 
further  service.  Samples  taken  from  different  parts  of  the  Intrst  pats, 
showed  groat  uniformity  in  tho  tenacity  of  tho  specimens ;  the  maan  deuait^ 
of  tliirty -eight  specimens  being  T'SUO,  and  the  mean  tenacity  3",wn  lbs,  p«i 
Bqunre  inch.  The  foUo^vIng  table  gives  the  results  of  thesti  and  slndlar  trials 
exhibited  at  one  view : — 


Sate.            Descriftien. 

Quality  of 

iroauacdi 

Rtmodfl  fired. 

Duufiity. 

TL^nacity. 

Gui  solid. 

Ctutbua^w* 

Ift49    First  pair,  S-infU  ,     . 
1851    S(?ooa(l  pair,  8-imh    . 
ISdl    Third  pair,  lU-iDch     . 

TotolXo.  offircs  . 

7-323 
7-287 
7-292 

27488 
378U 
37317 

S5 
73 

20 

261 
240 

" 

.. 

173 

20OO 

Ti-talamadciu  /    S-iaeb 
18i4    Boston,    both  | 

guns  cost  H  olid  (  10-iTH:h 

7'276 

253G7 

-* 

731 

612 

•  • 

Mr.  Wade  bcUeres  tliat  this  great  difFcronea  between  guiis  cast  hoUov 
and  those  coat  solid,  could  not  bavo  been  caused  by  any  a»-cidenUJ  causes, 
Uie  g^uja  being  cast  in  pairs  together,  and  every  precaution  being  lakem  in 
tliti  manufacture  and  proof  to  secure  uniform  results.  Ihi^  must  tlierafortt 
bo  ascribed  to  tlie  dilferent  methods  by  which  the  castings  wore  cooled. 
But  the  anomalous  results,  tliat  guns  cast  of  iron  of  the  same  dent^ity  and 
tenacity  afford  a  different  eadurance  when  teeted  by  giinpowder,  must  be  ox- 
phuu^^d  by  the  laws  which  govern  the  contraction  of  iron  when  co.>liug. 

On  this  subject,  Mr.  Wade  observes  that ''  it  is  known  Lliat  the  contra^ 
tion  under  equal  reductions  of  temperature  is  dill'trunt  in  iion  of  diderant 
qualitiea »  soft  gray  iroUr  wMoh  coutsius  a  high  proporliou  of  carbon>  coi»> 
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fcmedug  least;  and  that  wliicli  faunders  t«mi  high*  which  is  hard,  light,  and 
lk)tf6-graiiied»  and  coutaiiis  tlie  least  per-centagi^  of  carbon,  contiucU  most* 
oUiOT  circumsLaDces  l>dug  dqUEkl.  The  contractioii  of  the  same  iruu  iu  greater 
or  le^s.  according  to  the  greatei'  or  less  rapidity  Tidth  which  it  19  cooled.  That 
vbich  ia  cooled  most  rapidly,  contracts!  moat." 

TLe  utinust  cme  and  aUentiou  is  required  on  the  port  of  the  engineer  and 
in>ii  founder,  to  regulate  tbe  cooling  nud  contraction  of  tnetitls.  In  (Ji«  pro* 
noctj  i>f  the  former,  it  is  of  prhniLiy  imporlancu  that  the  desigu  and  arrange* 
ment  t>f  the  pnrt3  of  caatin^^  Bbould  btj  such  as  to  InaurQ,  aa  fiu*  ^  [>oijail>le» 
mf<'riiiity  in  the  shrinl^age,  so  tbtirt  there  should  be  «quftl  tension  in  uU  the 
ports.  Nothing  ia  50  dangerous  in  cast-iron  constructions  o^  tlto  unequal 
l^nsion  arising  from  contraction  ^  and  in  eases  where  cAstings,  t!iUi«r  from 
nec^siiity  or  otherwise,  haie  thoir  parts  Taried  in  thickness  or  posiiUon,  it 
reqnireH  consideration  on  the  port  of  tlio  iron  founder  to  retain  Uie  fluidity 
of  the  thinner  parts  as  lon^  aa  possible,  and  to  accplerate,  iviUi  proper  pre- 
eautioQE,  the  ci^otingof  the  parts -vvJuch  contain  increased  quantitit^s  of  metal. 
In  thti  very  centre  of  castings,  a  principle  of  id  security  and  danger  exists, 
wtiich  not  unfrequently  tears  the  parts  asunder  with  a  load  report.  Careful 
consideration  in  ^le  caster  wHt,  in  mo&t  coses,  obviate  this  evil.  In  the  coat- 
ing of  ordnsace^  Mr.  Wade  observt^s,  that  a  large  mass  of  metnh  like  a 
hemvy  gnn,  cools  Irom  Ujo  ©atterior,  a  Uiin  exteranl  crust  b*jing  first  formed ; 
than*  on  the  interior  of  tliiB*  a  socond ;  and  so  on  towards  tlie  eontro.  Suppose 
that  juftfc  OS  all  the  Uquid  iron  has  become  solid,  the  exterior  has  cooled  down 
to  the  temperature  of  the  atmospliere,  tbere  would  then  be  a  diflerence  of 
temperature  of  2700°  between  tl;©  exterior  and  the  interior,  At  this  time 
it  would  be  entirely  free  and  unstrained  by  contraction;  "hut  rs  the  ex- 
terior of  tlie  casting  has  cooled  down  to  a  temperature  at  wliicli  contraction 
hat  ceased,  and  Uie  interior  reniDins  at  tiie  melting  point,  2700''  higher,  the 
oontmction  duo  to  the  latter  (^  part  of  its  Unear  diinentdona)  ia  yet  to  oucur 
iatke  centre,  after  the  exterior  has  ceased  to  contract.  Tlie  eJluct  of  such 
a  contraction  muH  be  to  exeil  a  strain  of  compression  on  tlie  exterior,  and 
one  of  elongation  on  the  interior.  The  above  supposes  an  extreme  case,  in 
which  a  maximum  of  diferenee  of  temperature  between  the  exterior  and 
interior  occurs— a  condition  which  never  occurs  in  practice.  But  it  serves^ 
narcrtheless,  to  explain  tlie  law  wluoh  governs  the  contraction  of  iron,  and 
what  ia  btUeved  ty  be  its  ijyurious  etlect  in  castings  which  are  uuoquajly 
oookd.  What  reraalna  undetermined,  is  the  exact  measure  of  the  conse- 
qoencea  of  aueh  strains. 

•'  In  tho  cose  of  tlie  10- inch  gun  cast  solid»  which  burst  at  the  twentieth 
fire  (being  of  large  diameter,  and  made  of  very  high  iron,  both  contributing 
lo  a  lar^e  contrat^tion).  it  ia  supposed  that  Uie  strain  thus  produced  wm^  nearly 
kulHciLnt  of  iteelf  to  split  the  gun,  and  that  a  few  shocks  ouiy  from  the  tiling 
Were  required  to  complete  its  destruction.^' 

Cuwpuring  the  two  guns  cast  sohd  in  1851  with  these  east  in  1644,  we 
And  that  Ihc  former*  mEtde  of  high  iron,  giving  a  mean  test  strength  of 
S?,tiU  Iba,  per  square  inch,  endured  only  a  toaau  of  4U  lires;  but  that  the 
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latter,  iniuie  of  lower  iron,  giving'  a  tflst,  atren;^ti  of  only  2G.3(i7  lbs,,  endurod 
a  mean  of  G71  firea.  Tliia  was,  in  all  probabiLtj,  in  consequence  of  Ui« 
greater  contraction  of  high  iron.  *'  From  Uiia  it  appears,  that  a  reduction  ot 
strain  in  Uio  costing  is  of  more  practicid  value  tljon  an  increased  etrcn^  of 
the  iron."  Hgucs,  either  the  haj-d  strong  irons  must  be  abandoned  in  the 
manufacture  of  It^avy  ordnance^  and  soft  g^y  qualities  Bubstituted,  or  soiii^ 
means  must  lie  adopted  for  bo  regnJnting  tJie  cooling  process  aa  to  prevent 
the  existence  of  a  strain  arising  from  unequal  eootraction ;  and  this  last 
seems  tu  bo  elTeottid»  ia.  part  at  all  events,  by  LtLGUtemmt  Hodman's  plan  of 
casting  with  ft  core. 

Subseqiiciitly  to  tha  above,  twa  other  B-inch  colnmblada,  cast  SoUd,  wen 
tried  by  liring,  and  gave  the  fpU^wiug  ajiomalouj  results : 


Denalty,       Tenjcily, 


Caat  and  proved  in  19£l  (bgg  last  table) 
Ctmt  in  1846,  and  proved  in  18^2    .    ; 
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-'  The  form,  dimenaions,  weight,  mode  of  casting  and  cooling,  and  Ih0 
manner  of  proving,  were  the  same  in  all.  It  will  be  s&QXt  that  the  gmi  mftdt 
of  the  strongest  iron,  witli  a  short  interval  of  time  between  its  manufacture 
end  proof,  endured  the  smallest  nnniber  of  firee;  and  that  those  made  of 
weaker  IroHt  but  proved  long  after  being  cast,  endured  the  greatest  number." 

It  ia  well  known  that  beams,  &c.,  submitted  to  severe  strain,  teind,  in  courss 
of  time,  toaocommodate  themselves  to  the  position  they  are  foroed  to  assmue, 
and  by  acme  laoleeular  change  acqnire  a  large  permanent  Bet,  their  teuadtjr 
boing  Utile  Injured.  The  above  auomaloua  reaolta  are  probably  eaiplained  on 
this  principle — a  molecular  change  having  taken  plaee  in  the  course  of  some 
yeajo,  and  the  strain  produced  by  unequal  contraction  being  relievedp  would 
permit  all  the  reaisdng  powers  of  the  metal  to  be  opposed  to  the  foroe  of  the 
ohai'^e. 

TlUa  change  will  oocor  the  more  rapidly,  if  anothpr  stmin  be  oppoaecl  to 
that  produced  by  unequal  contraction.  If,  for  example,  a  cast-iron  bean 
(Fig,  b)  has  a  thick  flaiigo  on  the  bottom  side  at  £,  and  a  thin  one  on  Uie 
other^  the  tendency  would  be  for  tlie  tliin  side  to  eoliilify  some  time  hefom 
tiie  other  had  cooled  down  to  that  point.  In  the  act  of  eooliug,  the  com> 
traction  of  the  metal  of  the  thin  tlango  would  tend  to  give  it  a  cont-flvt  form  t 
but  afCemards  tht^  larger  mass  of  met^  in  the  thick  JlangCi  passing  IroiQ  tlia 
fluid  to  t^iG  solid  state,  and  eon-  a 

tmcting  Blill  more  forcibly,  would  ^ 
foi*ce  tlie  upper  fl^pige  into  a  eon-  -^ 
Tex  form,  as  sho^Tn  in  Fig.  5  ;  and 
ensure  a   coasiderabl©   tension   in 
flmn^e  A,  Ijy  l:ieuding  the  beam  up- 
wards, and  forming  a  concavity  on 

the  under  side,  B.    A  beam  or  cast-  T\j.  s. 

ing  of  any  kind,  therefore,  having  one  side  In  a  state  of  tension  and  tlie 
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alh«r  in  a  slat©  of  compresmon,  with  its  cohesive  powers  below  imiiijuiod,  ia 
pred&el}'  in  the  moat  favouxablQ  coi^diticiii  for  su&tainiDg  a  load.  It  ia 
evident  that,  in  submitting  a  beain  of  this  kind  to  strain  by  suspending  a 
ireight  from  tho  middle,  as  at  W,  its  bearing  poTvers  are  Duproved  rather 
IhAU  (Umiiiished.  By  iucreaaxn^  tho  weight  till  the  deflection  of  the  beam 
iftKeves  Uie  tentdou  on  the  upper  flange,  by  fording  tlio  jjartieles  together  mid 
Ihrowinga  tenaiJo  strain,  on  the  lower  flange,  the  beam  is  iii  the  sume  con- 
dition for  snpportiBg  a  load  as  If  no  fitroius  had  been  produced  by  coutrna- 
tion  in  cooling. 

In  tlic  case  of  canBOQ  caat  @aKdi  the  strains  prodaoed  by  contraction» 
tctuig  in  tho  oppnfiiti*  direction  to  tlioac  wg  have  spoken  of,  lend  to  hurst  tho 
gun  fljid  weaken  it,  hy  acttng  in  tho  same  direction  as  the  strain  produced 
by  firing. 

Viewing  the  subject  in  this  li^htr  it  will  he  found  that  the  powor  of  r/?si9t» 

•nco  to  strain  ia  constant,  wh^in  tho  load  remains  unifomi  and  undisturbed. 

TTtus.  if  the  beam  (Fifr^  0)  were  loaded  to  ^idtiiin  1-LOOth  part  of  its  breaking 

weight,  it  would  continue  to  support  that  k>ad  ad  infinitum,  if  it  remained 

iuidi»turh(!d  and  witliout  cbaiif];e.  In  this  condition^  the  whole  of  jts  p{>werfi  of 

resistance  are  brought  to  hear  upon  the  load.    Reverse  the  process  by  re^ 

moring  the  load,  replace  it,  and  cantirkue  tins  operntioa  of  removing  nud  re- 

plttcinp^  for  some  (imc.  and  the  strains  prodnced  will  he  similar  to  thoBe  of 

Iho  Runs  xvhich  were  burwt  by  repeated  charges ;  each  of  whichj  by  itself,  waa 

fu*  from  siiliictent  to  ^oriDusly  injure  tliera.    By  such  repealled  strains,  the 

:hir  rahesive  power  of  iron  ia  destroyed;  and  the  real  qut.'stion  for 

II  ift,  to  what  extent  may  we  oontinue  these  changea  before  Iracttiro 

li y  the  tublo  juflt  recorded,  it  will  be  seen  that  one  of  tlie  H-inch  guns 

■  hf'd  only  'i^]  fires,  while  another  remained  unbroken  after  IHOl)  lircs. 

In  all  constructions  such  as  cannon,  it  i^  essential  tliat  llie  gTcaLe&t  care 
shonld  he  takt^n  in  casting  to  have  tlic  metal  perfectly  hqiaid,  and  of  tlxo  rit:;ht 
temi>cratura ;  to  give  time  in  the  cooling :  and  to  aj^sist  the  natural  process 
of  cryBLallJjsfition,  bo  aa  to  allow  tJia  crystals  to  form  regularly,  in  order  to 
iMurn  nnifomiity  of  tension  in  all  tlie  parts.  In  llie  Bclflclion  of  iron  for  the 
castiug  of  artillrry»  the  greatt'Bt  circumspection  should  he  observed  to  (obtain 
it  free  from  sulphur  or  phosphorus.  The  metal  should,  in  our  ophuon,  be 
doclile.  but  closely  granulated,  and  of  a  specific  gravity  not  less  limn  7-2. 
Iron  of  this  kitid.  smelted  either  by  coko  or  charcoal,  is  generally  found  to 
^0weB!f  great  tenacity  ;  and,  if  properly  prepared,  by  remelting  a  few  times, 
Moording  to  tlie  quahty  of  tlie  iron,  wq  intiy  reasonably  conclude  tliat  jjuna 
tniiy  he  euBt  tliat  will  et«iid  from  1 500  to  2000  rounds  before  they  are  disabled, 
axtd  from  lOOO  to  1500  before  they  are  pronounced  unlit  for  bcnice. 
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CHAPTER  XX 

ON  THV  APFL10ATT0N  OF  Oi.$T  ANI>  WROUDHT-IROK  TO  VTLtWORE  AXU 

UACuiNsny. 

It  would  bo  interBstinff  tjj  trace  the  first  derelopment  of  cast  and  wronglifr 
iron  appliancea  to  miUwork  and  maclimery ;  but  the  subject  is  so  much  ia- 
Tol*red  in  obsourity,  and  eveTi  the  time  of  its  introdnctdon  ia  &o  uncertain,  u 
to  render  tliia  impossible,  Tl^ere  cannot  exist  a  doubt  that  U  was  emplof«d 
at  a  very  early  period  as  a  subbtitute  for  bmss,  or,  as  it  waa  then  called,  gun- 
nn?ta],  in  the  manufacture  of  cannon.  It  ia  aaaerUd  tliat  tliere  was  an  export 
of  cast-iroti  ordnance  to  the  Continent  a*  ear]y  a«  the  reigu  of  Elizabeth* 
Sines  tliat  time  there  has  been  a  progreaaiTe  extension  and  ituprovcraent  ef 
tlie  smelting  rnanufactiu^  and  ca*iting  of  iron,  and  of  its  application  to  t 
variety  of  atructur<?s,  such  aa  attaam-cn^rinQs,  architecture,  bridges^  and 
macMncry.  One  of  the  earliest  aud  most  exCensiTe  appljcationa  of  iron  was 
opened  np  by  the  Colcbroolfdale  Compfiny,  by  their  castinga  for  tlie  iroa 
bridge  wbich  crosses  the  Severn  at  Coiebrookdale  in  1777—9,  and  also  Ui« 
bridge  at  Sunderland,  one  of  tho  most  stupendous  structures  of  its  Idiiil 
at  a  tmie  when  iron  constniciionB  were  but  little  known  aud  impedoetly 
understood.  From  that  time  we  may  dnte  the  commencement  of  a  nen-  era  is 
th0  application  of  casHron  to  tbe  coustmctive  arta. 

Abotit  the  aame  timet  M^-  Wait  availed  himnclf  of  the  advanta^ea  of  iron, 
which  could  bo  nm  int^  moiilda,  for  the  construction  of  the  steam  eti^ne, 
Without  the  advantages  derived  from  casting,  and  the  facilities  it  gives  to  the 
miiitlphcfitioiL  of  forma  of  evety  description,  Bteam^engines  and  other  couKtruc 
tions  woultl  be  extremely  limited  and  imperfect ;  but  t^itii  the  aid  of  the 
fonndry  and  the  forge,  we  are  enabled  ttj  combine  every  form,  and  to  meet 
all  the  TeqTiLremcnta  of  an  enlarged  and  incrcDaing  consumption. 

Of  wliat  advantage  would  the  eoustruction  of  tlie  ateam-engine,  millwofi, 
and  machinery  be,  if  it  were  not  for  the  fiiciUties  and  cheapness  ^vith  which 
these  constructions  are  effected  by  iJie  use  of  cast-iron  ?  and  how  laboriooft 
^id  expeuaive  would  it  be,  if  we  bad  to  fonn  our  cylinders,  pumps,  and  frteam- 
pipes  out  of  wrought-iron  or  brass  !  The  expense  would  be  enormous,  and 
tlie  manufacture  also  imperfect ;  hence  the  advant^i^^es  we  derive  from  the 
use  of  ir(m  in  the  crude  eCatCp  when  it  can  be  moulded  and  run  Into  almoet 
evety  shfipo.  We  shall  endeavour  to  give,  in  consecutive  order,  the  varioUB 
uses  to  wldch  it  is  applied;  and,  by  comparing  the  present  with  the  past,  we 
flhall  be  taught  how  much  wo  have  learnt,  and  how  much  we  have  }-et  to 
learn,  in  all  its  appliances  to  mcchanicDl  constmction.. 

It  is  not  more  than  a  century  aincc  toothed  wheels  for  commnnicating 
motion  wore  made  entirely  of  wood:  and  tbere  are  still  in  existence  spcct- 
meas  of  tbe  tttg  <ttul  rntuj,  with  largo  wooden  sliaftsi,  to  mark  the  state  of  tlie 
mechanical  aria  at  a  time  not  muoh  beyond  the  memory  of  persons  still 
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living.  We  ourselves  remember  to  have  sten  one  of  the  first  iron  xtliet/la 
that  wad  ci^^t  in  Scotlmid  ;  and  we  belJere  it  ti:t  be  ^Wl  in  existence,  as  the 
base  of  a  dial  pkte  in  front  of  the  reddence  of  the  late  Mr.  Wm,  Murdook  of 
Soh<i,  near  Birminghfun.  Since  then,  tmll-geamig  baa  itndGrgone  a  v-onder^ 
fol  change,  attributable  almoBt  entirely  to  the  use  of  cast  and  wrought-iroo, 
Ab  an  examplp  of  the  state  of  mill-work  little  more  than  eighty  yQiir^  a^o,  v/e 
give  the  foUomng  skotch,  ehowing  the  mode  of  construe Hion  as  it  Un^n  existod, 
for  comparison  with  tlie  manner  in  which  the  same  is  effected  at  tho  |)reseut 
day.  Up  to  the  year  IT'^U,  mot^t  of  the  mills  in  this  country,  and  other  piu-ta 
of  KiiTope,  were  driven  by  wooden  wheels  and  shafts  of  the  annexed  fon«. 

In  tliis  ii'^nre  of  a  corn-mill  (Fig.  0),  A  is  the  water  whoel  put  in  moiion 
by  a  Btream  of  waler,  B,  the  pit- 
wheel,  a.Tid  C.  tlie  npri^ht  sheft  or 
stone  spindk:  find  on  thifi  shaft  the 
ramiing-st'tne  was  fixed.  At  other 
times,  when  more  thnn  one  pair  of 
fltonea  were  rnqiurGd,  a  spur-wheel 
md  pinion  (tn^clxnically  called  "  cog 
and  rung")  gave  tuotion  to  three  or 
four  pairs.  All  the  wheels  aud 
BhafLiiig  were  of  wood,  eonslnictod 
like  the  pit  w1h_'p1  B*  tlie  teeth  being 
Coinpused  of  hard  wooden  pei^;  and 
Iho  pinion,  or''  wallower/'  ob  it  was 
thou  called,  was  conijtructed  of  round 
p«gs  or  treuuil'^,  inserted  iuto  and 
bciween  t^'o  circular  discs,  as  shoAvn 
in  tite  drawing  D,  Fig.  G, 

Contrasting  these  with  ilie  con- 
atrnf^tions  of  tlte  present  dAj,  sm 
practised  by  our  moat  eminent  en- 
gmeoiBt  we    perceive  at    once    tho  ^»-v^^-   -        !«- « 

iamensa    benelits    oonferred    upon 

practioil  science,  and  the  facilities  afTorded  for  tho  adraneement  of  th* 
euiiMlnirtih'e  arts,  by  the  appUcatioti  of  iron  in  its  crynUiliine  a9  wtill  as  its 
malltfable  stute.  The  wheels.  Hhafls.  and  supportjjtg  fiauiework,  generally 
denrtiiiinaU'd  lixings,  can  be  reproduced  or  multiplied  to  any  extent  by 
oiwtiug  from  the  ori^nal  model.  It  is  iu  this  thut  the  cse  of  cuat-iron 
dilltint  fruni  thut  of  malleable  iron;  for,  although  the  strengtli  and  duc- 
tiJity  of  tliis  mitterial  la  greatly  increased  by  behig  oonverted  Into  the  nmb 
leable  sluU?,  yot  eneh  wrougbt-iron  aitiole  has  to  b^  forged  sepcir.>  '    1 

tlitiii   pUued  mtd  turned  to  the  required  fthape,  while  by  the  cu 
ce^M  \vv  lire  enabled  to  produce  articles  of  every  varioty  of  form,  aiiJ.  uluu 
of  ox«piiijto  ticAiity,  in  the  decorative  aa  well  aa  Uie  useful  arts;  aud  oocd 
bavin-;  niado  a  mu^ul,  we  mii,y  produce  any  number  of  copiua  tlmt  may  be 
ri't|Lurwi. 
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TI16  accomp&ayiug  sketch  (Fig.  7)  showa  tiio  chougea  which  have 
eHected  in  the  consiru<^tiau  of  com  milla  by  llie  use  of  ttd»  niftteils 
atefuu.  Qogiu^  k  iu  this  case  the  moving  pawcc  ^hich  give»  juotiDa  to  fti 


Fig.  7. 


zontfJ  sliftft  Aj  hy  means  of  the  pinion  B,  which  works  into  the  poriphrt 
the  il}'-ivhcel  C  of  tho  steaiu-^ngm^ ;  anil  this  a^ain  Gomoi'imic£it6a  motid 
Uie  required  velooity  to  tho  vertical  spmiiles  of  from  six  to  twenty  p«SI 
atoiiea.  Thia  ia  a  great  improvement  over  the  old  plan,  in  wliich  a  tod 
spur-wheel  on  d.  vortical  sha.rt  gave  motion  to  from  throo  to  four  pai 
stones,  Rcd  where  all  the  wheels  had  to  bo  framed  of  wood.  I 

Xho  wheat,  aa  it  an'ivcs,  is  raiaed  to  tlie  top  of  the  mill^  sometiroea  hj 
hoist  or  ii;a;;lo  D«  or  by  elevators ;  and  from  thence  it  is  conveyed  t^ 
wheat  a«?reening  mnclilnes.  one  of  which  is  seen  at  E.  Prom  llit^se  macl 
it  pasgi?3  into  tho  AjrchimedeEiii  creeper  I'\  which  nin»  along  tho  m 
length  of  Che  building,  and  distributes  Ihe  whent  equnlly  thmugh  «1]| 
hoppers  O.  Tiience  it  falls  into  Uie  3ton«fi  wbif^h  are  inclosed  in  iron  ol 
H,  the  >iupply  being  regulated  by  tlie  silent  feeder.  After  being  gti 
it  faJlB  through  the  inverted  cones  into  the  ^Vreliimedeon  creeper  I.  M 
conveys  it  to  tlie  end  of  tho  buildijigr  whence  it  is  rBis«d  by  another  li^ 
elevatorri  K  K,  to  ilie  creeper  at  N  :  and  from  thence  it  Ib  paraed  to  the  co4 
room  O,  and  the  droastng  mRchiaes  M.  where  it  is  separated  from  the  B 
and  prepared  for  the  market.  In  addition  to  the  pnndpal  driving 
fcames  and  inverted  cones  aro  composed  uf  eu-st-iron ;  and  tlie  epi 
and  lighter  shafting  for  driving  the  cleaning  Euid  dre&aing  machinery 
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JN)WCT  and  cost  of  coEstniction,  greater  dtiratjility,  accnrncj-,  end  exterior 
fiftifili,  with  EL  perfectly  noiselcsa  motion — which  tUcBO  changes  introduced, 

Tha  annexed  sketch,  Pi^.  8,  ex- 
hihita  Uic  fomi  uf  a  Iiori^contol 
shaft  and  drum,  oa  it  eacisted  in 
some  of  our  cottim-mills  fifty 
years  ago :  and  Fig.  0  the  Bwao 
as  it  la  now  conatruoted. 

From  tlie   above    U  will    ho 
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wiilent  ihal  b  very  conflide^We  SAVing  of  power,  as  well  as  of  mat^rinl. 
ir»»  efTected  by  the  suhstihition  of  light  shafts  at  high  vdocitios  for  the  jioa- 
daroofl  heavy  shttfting^  which  could  only  be  nm  at  low  speeds,  and  then  with 


rooms  above,  are  constructed  of  molleahle  iron,  carefully  turned  iind  linished, 
md  fitted  with  the  greatest  accuracy  to  their  bearings.  I 

The  Aaur  mills  of  tho  present  day  ttT&,  moreover,  mode  scUocttng^  by  the 
use  of  ArchJmddian  screw  creepers,  Bimilar  to  those  occasionally  employed 
for  raising  water,  and  other  elevators  and  appendages,  which  carry  ou  a 
eonsecudvt)  process  ha  the  manufacture.      Tliis  desoi-iption  of  niacliiiici'y 
could  not  haYO  been  e^^cuted  but  for  th^  cxtendvo  use  of  iron,  and  the 
impravementa  introducad  by  Mr.  Fiiirbaim  in  the  syetera  of  geaiiug  diroct    I 
Iram  the  tly-wheel,  placing  tho  mill-stones  longitudiJisilly,  in  n  atrfli;^ht  line,    [ 
aud  adopting  the  sileat-foeder  for  supplying  the  stoues  irith  j^ioiu.      All    \ 
tliem  impp3vementa  give  a  degree  of  neatness  and  durability  to  the  construe-    | 
tion  that  could  not  hnve  been  acuontpUshod  wh^rg  wood  wan  employed  as  tbe 
only  material  of  construction. 

It  is  not,  however,  iu  comniills  alone  that  iron  haa  produced  sueh 
dian^s.  It  bus  introduced  sLiU  greater  improvementa  iu  the  maeliinery  for 
tnmramtting  motion  to  tho  ditTeri^ut  macliin^a  employed  in  the  uiauufocture 
ofthd  textiLc  fabrics.  Tho  writer  recollects  thci  ponderous  sliafts  and  heavy 
(Inuafi  of  funuGr  days,  that  used  to  utter  groous  and  loudcoroplainta  at  erery 
rerolutiun ;  and  he  attributes  much  of  hi^  own  early  auccesa  in  life  to  the 
ohanges  virocled  by  the  increased  velocities,  and  great  reduction  of  weight 
m  ma<ihine]^%  aceomplished  by  tliG  ciuploynient  of  iron. 

Like  every  other  imprOTemoutT  it  was  at  first  eturdily  opposed ;  hnt  op- 
position Bt  last  gave  way  to  tho  numerous  advimlages — such  ag  economy  of 
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OH  enooDOUB  maount  of  friction,  Fifty  jeai-s  ngo  tlie  requisite  ep^ed  for  tbfi 
nrnchiacs  woa  obtolucd  by  a  woodt'U  drum  from  four  to  £v8  feet  in  diamctvf  r 
now  it  is  obtained  by  «  light  iron  piiUcj  and  poliaiied  iron  ahaft,  rumiing  at 
three  to  fbiuf  liinea  (Jie  speed.  Tlio  siioit  piid  dnim,  Fig.  8,  ruiming  at 
to  40  revolntiona  per  mimite,  represent  things  a&  thoy  were  fifly  y\ 
ajid  Fig-  D,  at  100  to  140  revolutions  per  minute,  abowB  them  as  tb 
g%irL  All  the&Q  changes,  improvements  ^  and  alieratioos,  tue  attnbntabtl 
to  the  free  use  of  iroti. 

Before  eiiteiing  uj^iou  anotlicr  dcpaitment  of  iron  appliance,  it  tnnr  W 
intf  reatiug  ti>  give  one  or  two  more  examples  of  tlte  iron  conBtructJoiiLS  in 
milla  approprialod  to  tlie  luanivfactiire  of  cottoHp  vool,  and  other  fibrotis  sub- 
Bt&nces ;  and  to  endeavour  to  shovr  how  largely  Uie  use  of  Iron  in  tbcis 
construction  has  fissistcd  tlic  skill,  spirit,  nud  enterprise  with  trliii'lj  x\i$ 
manufactures  of  tliis  country  have  been  pursiied,  and  from  what  ct.mjpar* 
tivcly  small  beginniDgs  tlic  system  of  organization  baa  originated,  wliicUn 
stands  without  a  parftlh-1  for  its  immense  cxent  and  vast  national  iniportaiicli 

Without  iron,  and  tlie  facility  and  cheapnc&a  ^-ith  which  it  can  be  appljoc 
to  the  confitrucdon  of  raillwork  and  raachiiiGry,  tJie  inventions  of  ArJiuiiglsl 
and  Crompton  ^vonid  hare  been  a  dead  letter.  The  ^e  proof  jxuUb,  tlic  steAJOi 
engine,  and  the  apparatus  by  wluch  its  fori^e  is  tranamitted  to  diBtJincc's 
many  hundreds  of  feet,  arc  nuioiig  the  proofs  of  tlie  value  of  iron  applianc 
When  we  add  to  these  the  beautiful  machinery  whicli  receives  its  motia 
from  the  iron  arms  of  that  gigantic  power,  some  conception  may  be  forn» 
of  Oie  vast  national  importancs  of  tliis  extensive  Emd  widely-extending  man 
failure. 

Some  idea  mny  bo  formed  of  the  demand  for  iron  for  tliese  constmcUoi 
when  \\Q  state,  thnt  in  the  cotton  mEuiufacture  alone  there  are  in  this  cotmt^ 
upwarda  of  l,000,(KJO  spindloa  constantly  at  work  apinaiing  yarn.  Uiwrart 
of  250,000  power- looms  are  in  operation,indepeadently  of  hand-wearing 
to  these  must  l;e  added  enrdiug,  roving.  wmdSng,  uid  dressing  machine! 
&nd  even  then  we  are  far  ebort  of  an  accurate  estimate  of  their  ex 
value,  or  of  the  iriau  required  to  Iteep  up  tho  supply.  This  con 
arrived  at  by  a  regular  course  of  statistical  returns ;  but  as  tliese 
constitute  a  pai-t  of  Iho  present  invesligationj  wo  are  enabled  to  supply  on] 
such  data  as  may  be  calculated  to  show  the  amomit  of  demand  and  Ihe  apptic 
tion  of  iron  in  cases  where  nearly  tbc  wholo  cf  the  macbineiy,  millwork,  m 
steam-engineSt  are  composed  of  tiiat  material.  In  coiToboration  of  what  h 
already  been  said,  let  us  toko  a  single  mill  in  the  hands  of  one  person,  ai 
WG  find  that  tiie  molive-power  ia  supphedbyengineaof  1200  to  1800  indicat 
horse-power,  driving  [iO^OUO  Bpindlcs  and  2000  looms.  These  works  ni>w  i 
existence  ore  divLdt'd  into  two  mills,  one  driven  by  a  force  of  COO  notoiul 
horse-power,  tiie  other  by  a  force  of  about  half  that  power.  As  the  fonoi 
ifl  one  of  tlie  latent  constructiouH,  it  may  be  necessaiy  to  give  a  brief  descri 
tion  of  ita  orrflngementB,  more  particularly  in  reference  to  tlse  couditiaa 
forms,  aiid  purposes  to  wliich  iron  is  applied  iu  connection  nith  thia  Ian 
and  importimi  braju-h  of  industry. 
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"Big,  10  exhiljiis  a  lougitadmal  seciiuii,  and  Fig.  I L  a  plan,  of  one  of  thoae 
ttlAblishmeiitS-    A,  iu  tlie  ground  plnu,  repreocuts  tih«  stciim-etigmeflt  on^  on 


m.M. 


«Mtli  side  of  the  fly  wheel  B*  wUich  givea  motioa  to  the  wholo  of  the  ma^ 
(hmeiy;  C  ia  the  null,  310  feet  long  and  00  foet^vidCt  aud  bU  stories  high. 
It  oontoins  '2177  square  yards  on  a  floor,  and  the  two  lotver  Btories  are 
(>ccu|>iod  hy  cfti'diug  and  preporatoiy  mochiiiery ;  tho  four  rooms  above  by 
Sfiiiiiiiig  machinery.     TU«  large  iiiii(Ii»g  D,  containing  an  area  of  2160 


Tig.  u. 


■^EMra  yurda  of  ilooring,  is  nppropmied  ezclusivoly  to  power  looms ;  a£id 
fponi  these  |lttOO  in  munber)  axG  pradueed  50,400  ynrdg  of  clotli  per  diem. 
Th«  whole  yf  the  marhincry  conUiijusd  in  this  spaoo  and  the  twj  lo-n-er  floors 
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of  the  miU  Vi  composed  of  iron,  nnd  will  wtigli  about  050  tona.  The  mullA 
and  OirosUea  of  the  four  upper  rooms  are  also  of  iron,  and  will  weigh  U|iw«rds 
of  250  tons.  Add  to  tlicso  tlio  fiteom-euguiea  and  boilers  400  tons,  mUlwoik 
and  Rteam-liCflting ftppai'atus  700  tons,  and  we  liflivo  ODO  +  250  +  -100  -\-  7t)0 
=  2310  toiisofijpu;  vidue  about  ^70,000,  iiTesi>ective  of  lliebuildiup»,wbkli 
are  firepvoof,  and  eontiiiu  upwards  of  200f>  tons  of  jnotal.  In  tTio  longitudiiul 
section  oCtlje  mill  exliildtcd  in  Fig.  U,  ivill  be  Been  Oio  fonn  of  tlie  fli 
consisting  of  iron  beflms  supported  on  two  rows  of  iron  cohunnB;  tlie 
between  the  beams  being  arched  over  with  briclf.  On  tJieso  arrbes  nre  latd 
the  floors,  on  some  occasions  covered  wiUj  concrete,  uitb  stone  il%^  or  tUcs 
and  at  others  iviLh  ivooden  floors,  according  to  the  hied  of  flooring  best 
adapttid  for  the  mnrhiiierj  contained  in  Uie  rooms;  but  these  stmcturea  we 
shall  hnve  occasion  to  notice  more  at  length  vfheu.  ive  come  to  treat  of  ixoa 
ns  applied  to  architect uro. 

It  will  be  obaened  that  the  steam-engines  A  and  tSie  flv-M-beel  B  ffve 
mofitfn  to  the  horizontal  ahafts,  and  tliese  again  transmit  it  to  two  vcrticn! 
shafts  (one  of  which  is  shown  at  G  G),  \vhich  lise  from  (be  large  level  wheel« 
nt  the  bottoin  to  the  top  of  tlie  building  These  8baft»  couiuiuuicalc  with  the 
liori^^ontal  shafts  in  each  room,  wlticb  give  motion  bj  meana  of  straps  nntt 
piilicjs  to  cveiy  description  of  machinery  contained  in  the  building. 

By  the  some  process  of  transmission,  motion  is  coujmunicated — first,  bv 
an  nndergronnd  shaft,  IT.  to  tlie  looms  iii  tl^e  weaving-sheds;  secundly,  by  an 
npri^'ht :  Again  by  tlie  inaiu  horizontal  shaft ;  and  subsequently  to  all  the 
Ji^dit  horizontal  shaftijig  iu  the  room.  In  &  wcll-orgauiscd  and  wtll-con 
ducted  establishment,  the  whole  of  the  shafting  is  pohshcd  and  kept  bright. 
The  mftin  shafts  are  composed  of  cast,  the  lighter  Idnd  of  ^Tought  iron ;  and 
the  extent  of  shafting  kept  in  motion  in  a  jnoLlern  null  of  tiiis  kind  is  about 
3W(i  yards,  or  nearly  two  miles.  Prom  the  above  dcscrii)lion,  the  i-eader 
win  have  a  tolerably  accnrnto  idea  of  tlic  extent  and  imporUiDcc  of  a  cotton- 
factory  of  modem  constriiction,  the  original  cost  of  which  is  about  i'U0^O00 
to  i!100,000,  and  the  amount  of  capital  necessary  to  conduct  the  busiuess 
not  less  than  X50,000  more. 

Of  tliG  machinei'y  of  a  cotton-niiJl,  little  can  be  said  without  going  into 
descriptive  detaiL  We  have  already  noticed  that  it  is  almost  entirely  com- 
posed  of  iron ;  and  that  circvimatancc  alone  may  be  sufficient  to  give  it  a  place 
along  with  the  steam-cni^iii!  and  niiUwork,  as  one  of  tlio  cousti'tictioiis  tD 
which  iron  is  appJicd;  and  a  few  remarks  on  tlic  self-acfcor  mule— one  of  the 
most  ing^mious  and  productive  mncbines  iu  this  nian>'el!ous  tnanufncture 
^-^may  not  be  out  of  place.  It  is  entirely  formed  of  iron,  excepting  only  llie 
traTelUjig'CamnjTo,  which  for  lightness  is  coinpoaed  partly  of  wood  and  partly 
of  iron.  The  same  may  be  said  of  all  the  other  muchincs,  such  as  the  winding, 
CEurding,  drawing,  roving*  &c.^  which  constitute  tho  scries  for  spinning  cotton 
yttm,  as  also  the  sizing,  dressing,  and  weaving  machines  for  converluig  that 
yant  into  clotli.  All  UiCi^o  nmchincs  woidd  be  of  Ultle  value  but  for  tlie 
fHcilitiea  aflbrded  in  tJicir  constfuction  by  the  use  of  iron.  Aa  respects  th« 
self-acting  mule,  it  is  a  substitute  for  a  similar  machine  wliich  was  form«tly 
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.  •.v.irketl  by  bund;  and  in  Hiuallor  nuuil»crri  thu  liainl-muu;  is  siill  in  uso,  the 

-  self-actor  not  haviug  qb  yet  reached  such  pcrfoctiou  us  eutirely  to  dispense 

;  with  maniuil  labour.    In  tlio  self-acting  mule  the  stretch,  wliich  is  about  live 

'  ket,  IB  performed  by  the  moving  poivor ;  while  the  breaking  oA',  tlic  leturn  of 

J  the  carriage,  and  the  winding  on  of  tlie  yam,  succeed  each  other  witliout  any 

interruptiou  by  the  disengagement  of  the  different  paits  of  tlic  mechanism 

performed  by  tiie  mocliine  itself.    They  are  effected  with  great  precision,  so 

I  that  the  attendants  have  noUiing  to  do  but  to  watch  its  movements,  to  x)ieco 

the  broken  tlircads  when  the  cai'riage  begins  to  career  the  rolIcr-bcam,  and 

'  to  stop  it  whenever  the  cop  is  completely  formed,  as  indicated  by  the  bcU  of 

the  counter  attached  to  the  working  gear. 

Such  are  the  properties  of  the  mule,  or  machine  for  spimiingyam;  and 

'  the  same  may  be  said  of  all  tlte  other  machines  which  in  ever}'  stage  of  that 

i  important  branch  may  be  considered  automaton  or  self-acting.    Wo  could 

nmltiply  instances  of  tlie  same  constniction  in  the  other  brunches  of  the 

•  iiiana&ctui*e  of  the  textile  fabrics — namely,  tlie  flax,  wool,  and  silk;  but  as 

,  these  observations  apply  more  directly  to  tlic  material  of  which  the  machinery 

in  those  manufactures  is  composed,  the  above  will  probably  suffice  to  show 

,  that  all  similar  machines,  if  x)ropei'ly  constnictcd,  must  be  made  of  iron. 

j        Other  machinery  in  otlier  buildings  is  in  operation  for  bleaching,  dyeing, 

printing,  and  finishing  cotton  goods.    These  machines,  with  some  few  ox- 

,  ceptions,  ore  also  composed  of  iron ;   and  we  may  attribute  tlicir  present 

I  perfection  and  extended  application  to  tlie  use  of  this  mateiial.    These  facts 

I  are  peculiarly  interesting  iu  regard  to  tlie  apxilicatiou  of  iron  to  particular 

I  irts ;  but  are  comparatively  uuiiuiiurtant  when  we  oxamino  its  application 

'.  to  the  manufacture  of  the  machinery  of  tools.    These  are  tlie  parents  of 

'  oU  other  machines ;  and  it  is  difficult  to  determine  whether  the  skill  and 

;  ingenuity  displayed  in  tlicir  construction,  or  the  facility  witli  wliich  iron 

adapts  itself  by  casting,  forging,  and  planing,  to  every  requirement  in  the 

■  coostmction  of  other  machines,  are  most  to  be  admired.    These  machines 

'  possess  an  almost  creative  power :  one  set  of  good  self-acting  machine  tools 

j  will  make  all  oUier  machines ;  and  these  again  will  produce,  until  the  niunbers 

;  are  multiplied  to  an  immense  extent,  each  of  which,  for  exactitude  in  action, 

is  without  a  parallel  iu  the  past  history  of  mechanical  science.    Ilcncc  it 

;  is  that  iron  is  so  much  in  demand,  and  so  widely  extended  in  its  application 

I   to  the  industrial  and  useful  ai-ts. 

It  would  be  easy  to  extend  these  remarks  to  other  branchcH  of  industry, 
in  which  machinery  is  used  and  iron  applied ;  but  having  given  examples  of 
its  early  apphcation  to  com  and  cotton  mills,  and  the  present  construction  of 
machinery,  it  will  not  be  necessary  to  multiply  examples  in  other  departments 
of  mannfaoture,  such  as  those  of  flax,  wool,  and  alpaca.  Tliese  will  all  bo 
dwelt  upon  iu  tlio  subsequent  volumes  of  tliis  work  devoted  to  tlie  textile 
fabrics.  It  may  not,  however,  be  out  of  place  to  mention  the  manufacture  of 
flax  machinery,  as  carried  on  by  Mr.  Peter  Fairbairn  of  Leeds,  in  order  to 
point  oat  the  importance  of  a  branch  of  manufacture  that  has  recently  made 
such  rapid  strides  from  a  comparatively  rude  state  to  one  of  high  importance : 
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ire  ma  J  menUoit,  that  in  thi«  ^tablitliliientt  1000  hftnds  or  upTrsi^  are  em 
ployed  ia  tlie  mantifttJititra  of  tools  and  madiineTy  ;  into  the  cDtDstmcticm  of 
wliich  botli  inm  and  brflas  IftfgeJy  fader.  The  parts  of  these  mAcklnes  ud 
pfrepored  and  fitted  by  the  machine  took  of  «rhioh  wa  lucro  spokeii,  idlht 
degree  of  wccnmcry  seHomt  if  ever,  smpaBsed* 

The  hfckllng.tpittabtg^rotin^f^  aiiA gf  rnr  fj ill mAx^ufti^ 03^ ejiqaMtefymaiit, 
and  the  boriiig»  plswing,  vxd  gtt)ovii>g  t"ols,  work  with  such  precision,  as  ta 
render  each  succeeding  machine,  and  each  port  of  it*  a  &cslnii1e  of  Ha  pn- 
doceasor,  Tlie  same  mfty  be  fiaid  of  the  other  toobt  nearly  the  nsrhole  rf 
\^^hich  are  self  acting.  &ud  command  ft  power  of  produ^titni  irfdch  fbir,  if  n^, 
other  establishments  can  boofit  ot 

Wo  might  enlarge  on  tlie  merits  of  th^sc  madunes ;  but  hr^vlnn;  in  this 
flcdion  already  exceeded  oar  limita,  we  shall  conclnde  Tdth  nii  aeconnt  of 
one  of  the  earliest  of  the  tpplieationa  of  iron, — namely,  to  water-wheeb. 
These  are  mftchines  for  receinng  the  mottre  power  of  a  ^renm  of  water,  and 
commnnjcating  to  it  a  tmlform  rotary  motion,  eo  that  it  taay  be  applied  to 
driving  other  madiinery.  Prerion&ly  to  the  comtnencement  of  'Urn  ^nsoA 
century,  the  ivholp.  or  nearly 


thtwliole  of  our  water  whoeia 

TTcre  mado  of  wood ;  and 
it  W!i3  resented  for 
lato  Thomas  Check 
Hcwes,  Tuill  Wright 
and  macliiiiist  of 
MffincheatGi%  to  in- 


^^^^A--Tp"'f^f;::::>4-:.:;-^-J^.-:^^|;!::^j> 


fir.  li. 

trodnce  tin  ontireTy  new  system  on  the  pdnciplG  of  fineponpion.  constmcted  of 
malleable  and  cast  iron,  with  slender  wronght-iron  unns  supporting  the  rim  and 
bncketflof  the  water-wheel.  Some  affirm  that  this piincipte  yeas  tost  applied  in 
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bd,  imd  tfattt  the  buckets  of  the  wheel  were  thero  hui)<^  by  cLadne  kept 
■jBCTQwa,  as  shown  in  Fig.  12,  By  this  arrangement  the  circnmfei'ence 
pwheel^ft3  kept  in  position  bj  the  chains  and  sett^^'S  n  rt<ijt  b  b,  &c.  In 
Bnstratioa.  exhibiting  as  rndinl  cknins,  we  hove  flplected  one  of  Mr.  Fair- 
i  water-Wlieels  with  Tentilated  backets,  adapted  to  lovr  ftills,  as  shown  tiA 
h  the  pinion  B  working  into  so^^uts  on  the  loaded  side  of  the  wheel. 
lliia  constrtiction  it  will  he  obgorvod  tlmt^  so  lonff  as  the  chains  were 
Iding  and  rebilncd  sufficient  ton&ion  to  prevent  tlie  rim  aepaiatLug  nt 
Ints,  the  wheel  would  move  ]  and  In  order  to  prevent  the  choinB  WArpiug 
I  tbe  shaftf  tliQ  motton  was  taken  from  tho  water  or  loaded  side  of  the 
li  bj  the  pinion  B  working  into  tliQ  Rc^^enta  of  tlie  shrouda;  tJiis 
(gement  removed  Iho  torsion  and  t!ii3  loiitl  fmm  Hie  nxlut  and  plftced  it 
ftliie  toctk  of  the  pimon,  where  it  wus  required  to  turn  th&  mill.  This 
Iplo  of  constnictiou  la  admirably  adopted  for  tlie  tranBmiaBion  of  power 
water-wheola,  and  is  aa  tnie  in  llieory  as  it  is  sound  in  practice  ;  but 
ludos,  aecojding  to  report*  acted  very  iraperfaoUy  i  thua,  when  Btartiag 
lomingf  the  axle  obstinntely  resisted  all  elTorta  on  tlie  part  of  tlie  chains 
I  it  in  motion,  and  the 
I  was  the  ^vinding  of  the 
mud  braces  ronnd  tlie 

I  and  hence  tlio  partial 
iction  of  the  wheel.  Mr. 
p,  however,  remedied 
ilefect  by  subs  titutiu  ^ 
pelieve  at  tlie  instance 
t  Strut  of  Belper,  tJie 
jut  Lfjrd  Belpcr)  round 
pftra  for  the  cliriins, 
■  eSectaolly  met  tJiB 
l^nd  introdueed  a  new 
m.  of  cons^TiL'tion,  which 
pld  its  ground  up  to  the 
pA  time. 

II  armB  of  tlie  witter- 
|b  eunfitntctod  by  Mr. 
Ip  were  fftstened  with 
iiat  each  end  of  Uie  axle 
m  flange  of  th<j  centra 
|l3t ;  l>ut  as  thei^  were 
I  to  work  luoBC,  Mr.  Fairbaim  introduced  the  gihb  and  cotter  system, 
jllt^  tlio  iiirma  and  braces  in  sockets,  which  stii^ens  the  beams,  and 
ti  tbcm  more  efTeetually  in  position.    This  arrangement  ia  ft  grer^t  im- 

tent  on  tlie  screw?  and  nnta,  as  the  gibhs  and  cotters  aro  lees  Enble 
P  loose,  prt^Tcnt  vibration^  and  retain  the  arms  and  bmoes  In  a  uniform 
tonsion. 
to  the  year  1910,  wAter-wheela  were  coniposed  partly  of  wood  and 


Hff,  1». 


4DB 


MB.    FATUBAIBN  S    FEN^tl^TftD   BDCtCKt-WUKEL. 


partly  of  irun ;  and  ths  late  Mr,  lleume  and  Mr,  Hcwea  w«ra  the  &nt  to 
malci}  tlicm  entirely  of  iron :  \he  nxLea,  centres,  and  shrouds  being  compoaed 
of  cast,  and  the  Arms,  buckets,  oud  sole  of  wrought  m>D. 

The  next  important  improvemeDt  in  vaterwbcelB  was  the  introductiott.iii 
lHa7»  of  Mr.  Fuirbflirn'B  TCiitilatod  buckets;  but  as  these  improvementB  di» 
not  iitvol^e  the  qucstiun  of  the  applicalion  of  iron,  we  must  r«fer  tb6  r«*der 
to  tlie  Transactions  of  the  Institution  of  Civil  Engioieers  for  a  d&scriptidii  of 
thie  improTemont. 

It  vrill  not  bo  nccesiULry  to  extend  this  part  of  tlio  Bubjcct  fiuiJier ;  but  V6 
may  conclude  w'ith  im  example  of  four  -nTOught-iron  -n  atcr-'n'heelB,  eroded 
for  Measrs.  James  FiiJaj  &  Co.t  at  tlieir  works  in  AyrBhire,  in  1826-7. 


flK,  l4.-ElefmtUiB. 

Figs.  14  Bad  15  show  tlio  niniiigEiQcnt  of  the  different  parta  of  these  wheels^ 
which,  for  power  and  dimensionB,  are  probably  the  largest  aod  most  impor- 
tant hydrnuUc  machmes  in  Europe.  The  musonry.  miUwork,  *5i:c.,  were  prs- 
pared  for  fonr  wheeb,  but  two  only  were  erected.    Eoeh  wber^l  is  fifty  feet  iu 
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diameter  and  twelve  feet  in  'nidLh.  The  vratcr  lluwa  upou  tbcm  at  u  lioigLt 
of  forty-eight  feet;  and  afk>r  liaviug  passed  through  the  buckets,  is  discharged 
into  a  tunnel  of  eighteen  to  t^veuty  foct  ndde,  which  pagseB  tuidor  the  whecld^ 
and  is  ultimat^^ly  discharged  into  the  river  Ayr,  at  a  distance  of  a  quarter  of 
imile  below  tlie  nulls.  The  i^heek  are  moimted  upon  innssive  stone  plat- 
forms, A  A,  at  ft  height  of  forty  feet  above  the  fipcctator^  who  experiences  a 
Shzj  sensation  a«  the  eye  followa  their  gigantic  forms  roYolvlsg  roimd  their 
respectivo  CGntrea. 

The  power  fi-om.  Iheso  wheels,  it  vnW  Le  observed,  is  given  off  to  two 
^zdoiLS,  B  B.  on  the  coimectiitg  eliaft  C,  and  £rom  this  again  to  the  large 


1%- 


ng.  u.-riua. 


wheel  D,  by  ^hich  it  is  conveyed  to  the  hoiizoutal  Bhafta  K  aiid  F,  and 
Iti^iSd  ikg&ui  direct  to  the  millB^  -which  Btaiid  at  right  ongleB  to  each  otbet 
on  two  rideB  of  the  wheel  hooee.  These  wheels,  in  Uieir  immenae  size,  great 
Btrength  and  power  (the  two  whcck  already  erected  being  of  240  horse- 
power). iLre,  aa  works  of  art,  probahly  as  good  examples  of  the  api^hoation  of 
iron  to  mill-wUeela  ae  ore  to  be  found  in  thi£  or  any  otlier  country. 
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CHATTER  XXI. 

OS  THB  APPLTCATIOir  OF  CAST  ASP  WHOZJaUT-IHON  TO  AROUIIKClUaB    AKD 

SECTION  L— ON  BEAMS. 

Architeotb  are  slow  to  introduce  new  mat^riula  of  coastraction ;  tmd  It  was 
witJi  aouio  dlftictilty  tlmt  tiiose  pngudiccs  which  prevented  the  use  of  iron 
ami  stono.  or  iron  and  brick,  iu  combiatitioii,  were  overcome ;  DotwitiisUnd' 
ing  iheix  nifuufeBt  ad^mtages  over  tlio  imperfect  mfttcriaLa  of  our  liilbcrUj 
dutgerona  aud  perishable  consbnicdotie,     Tbe  pulEc  buildings  of  ttncitul 
Graeoe  and  Uumc  were  erected  on  somtiler  principles  und  of  much  g^^ater 
Rolidit^  than  those  of  the  present  day  ;  and  the  remains  of  the  builJin^  of 
tlio  middle  ages  nre  not  mtiiout  their  lessiona  in  tb«  art  of  constmction.    In 
all  these  ediiices,  and  also  in  tlic  dweLlitig-houBc^a  of  the  Greeks  and  J^omana, 
the  greatoat  caro  was  inken  to  ensure  aecui'ity  and  strength.    Tiieir  buildingfl 
were  generally  conatnicted  with  fire-proof  arches :  and  the  floors  of  many  of 
tliG  ItaUaii  hotiaca  of  the  present  day  are  efFeetually  accnrcd  against  firo. 
The  French,  alao,  and  many  of  Lhq  German  Rrchitects,  hate  adopted  the  fii^ 
proof  system;  and  it  roJlccts  unfftvoiirahly  on  (lie  sldU  and  enterpriao  of  the 
arcliiteotaof  thistcoimtiy— wheroiron  is  so  cheap — that  they  have  not  availed 
themselves  of  tlie  great  secui-ity  it  aiTords.    Thin  is  much  to  be  lamented  r 
and  in  order  to  show  how  much  we  ai-e  behind  other  uationa  in  this  rcape«t» 
^yQ  shall  take  in  review  some  of  the  most  prominetit  cases  in  which  iron  ha» 
hcen  BucceasfuUy  employed  in  the  confltmctire  and  orciiitectural  arts 

SmeatoD  wits  ono  of  the  first  to  combat  the  prcjmlicos  against  the  pmidoy- 
iQCntufiron,     Ho  says,  npcakin^  of  east  Iron  coiibtnictionSt  "In  the  yei 
1T5J>,  for  the  first  time  J  applied  thorn  as  totally  now  aul^ecta;  and  the  c 
then  was,  that  if  UiQ  strongest  timbers  aie  not  able  for  any  great  Icngtli 
time  to  resist  the  action  of  tlio  powers,  \rluit  muat  happen  from  tho  brilt]»^ 
nesa  of  cast  iron  ?    It  ia  sufficient  to  say  diat  those  very  pieces  of  cast  iroa 
not  only  are  uiill  at  work,  but  that  the  good  etfoct  haa^ 
m  the  nortli  of  England,  whore  first  tippUed,  dra-vm  iron 
into  common  uao;   and  I  never  heard  of  one  failing.'* 
Swch  were  tha  vicwa  of  one  of  our  most  disttngnished 
engineers  eighty  years  ago  ;  bnt  such  has  been  the  slow- 
ness of  its  applicntion,  that  we  hesir  no  more  of  cast  iron 
OS  a  building  materiril  until  the  ycjir  IHOl,  when  Messrs. 
PhUlipa  and  Lee,  of  MaaDliester.  built  a  fUo-proof  null. 
The  deaigna  for  tlie  coIutoub  and  beiun-s  were  executed  by 
Messrs.  Boidton  and  Watt.    The  annexed  figure  (Fig.  Ift) 
exiiibits  the  section  of  the  beams,  tlirough  the  middle  at  tho  deepest  point* 


i 


^u 


JilOi    In,:    " 
Unago  I'M. 
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'rhifi  beojn  was  (he  first  of  the  kind  mnde ;  and  c^iiBidemi^  tht  state  of  our 
knowledge  at  llint  time,  it  rettects  great  credit  upoij  Uie  hldli  of  the  deaignor. 
If  we  apply  Mi*.  Jloci^'kiii son's  nile  to  it,  in  tlio  alK^cnce  of  cKpGiiracntT  we 
sbftll  find  Uiat  it  approximates  w^ith  tolernLlo  £orro*!tness  to  the  trno  piin- 
riple,  so  fta  to  Becure  the  maximum  of  6^ugth  wiUi  n  given  quantity  of 
niJiU'Tial. 

If  wo  lake  tho  area  of  the  bottom  flange  to  bo  400  inclicB,  the  depth  of 
tho  b^xn  in  th^  middle  13^  inchoBi  and  Uie  tli&tancc  between  tlic  Eupports 
U  feet,  tlieUv  by  Mr.  Hodgkinson's  farmtila^  Sfl  being  the  coBccaat,  we  haro 


y^  = 


26  X  4D9  X  13'2<3 


1&» 


=  S  32  tons 


=  llie  lire  dicing- weigbt  in  the  middle.  But  oggiimiiig  tlint  l]jo  sflmo 
{pjaiitity  of  mcUil  was  run  mto  the  form  of  tbe  gi'catest  strengtls.  wo 
■hall  tliCii  have  on  area  for  the  bottom  flsjigo  of  7'&  infthefl,  wliich 

gives — ■ 

26  X  7-S  X  13-25 


w  = 


1 


1 


1  ii(.lB.— FIkh, 

UO  feet  lon^  and  12  feet  wide,  and  Beren  stories  high 

Ri*^  Tarda  on  each  floor  j   and  tho  iron 

tciinis^  winch  extend  across  tlie  Ifuilding 

from  wall  to  wrTI,  at  regular  distance's  of 

nine  feet,  aro  divided  into  tjjree  lengths 

{\,B  and  C),  as  »hown  on  Ute  plan  muX 

Bcdiou  (Figs,  IB  and  VA). 

The  following  woodcut  (Fig.  20)  ex- 
hibits a  longittidinal  section  of  portions 
of  Uje  basement  and  firat  stories  of  tho 
miU*  with  acctirtna  of  the  iron  beome  and 
arches.  The  arches  E  E  E  are  lune  inches 
ia  ilcpth  at  tlie  springiu^,  scren  and  a 
quarter  at  ft  short  itistanec  on  each  side, 
and  half  a  briek^  or  four  inches  and  a 
half,   in   the   middk.      Altorfothcr    the 


lJ-3  tons;  Kij,  ir. 

tlitit  is*  n.  brenkin^-weiglit  nearly 
double  lliat  of  tUts  original  hvom. 
It  is  prolmbio,  iiowever,  that 
Messrs.  Bonlton  and  Watt's 
beam  would  ctarry  upwards  of 
ten  tons*  OTiving  to  the  gfeatly 
increased  thickncBS  of  tho  verti- 
cal part  of  tlie  betmit  whieh^  it 
will  be  obsenxd.  is  neai-ly  double 
that  of  a  beam  of  maximum 
Btrcngth. 

Messrs.    Pliillips   iLud    Lec'a 
mill  ia  a  largtJ  building  of  about 
It  contaiiis  about 


Hf.  I*.— OroM  wettJiin. 
experiment— considering  the  con- 


,.^iv,u  utc  uniynnKkl  for  simi- 
lar buildings.     In  IfS:^!')  Mr.  riiirbaini  tlii 
and  both  increased  the  dimensions  of  tlio  L 
ness  of  the  vertical  rib  ( 
increased  strength  on  a  f 
It  was,  however,  rese: 
give  to  tlie  world  the  bei 
as  his  deductions  apply  ti 
posed  of  cast  iron,  it  will 
covered  it,  and  to  rccom 
architect,  engineer,  and  b 
Mr.  Hodgkinson  com 
year  1827,  and  continued 
long  series  of  years.     Mr.  Tredgold  publishc 
years  previously,  some  experiments,  from  wl 
a  oast-iron  beam  of  the  form  shown  in  Fig. 
was  considered  for  many  years  tliat  of  greatet 
the  experiments  of  Professor  Hodgkinson  pre 
proportionate,  as  regards  the  distribution  o 
hence  to  be  comparatively  weak  when  compoi 
of  the  section  of  greatest  strengtli. 

In  order  to  show  the  difference,  and  poini 
which  indicates  the  greatest  strength,  it  will 
give  some  of  the  most  Interesting  of  the  expei 
gold,  Foirbaim,  and  Hodgkinson,  as  follows  : 
Experiment  1. — Beam  with  equal  rib  at  top 
sappoiis,  4  feet  0  inches ;  depth  of  beam,  b^  j 

JDimmttOfu  o/ctms  tcetfon  at  place  < 
Area  of  top  rib 


T 
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To  find  the  strength  per  inch  of  the  cross  section,  we  have,  dividing  the  break- 
ing weight  by  the  area, 

^  =  2368  Iba.  per  inch. 
2'o2 


^affi^gagigMligi|p 


Pl„  24,  -^  *^s  quantity  in  each 

beam  may  be  taken  as 
in  index  of  its  strength,  we  shall  use  it  to  compare  the  strength  of  those 
Wms  which  are  of  the  same  length  and  depth.  By  the  formula  obtained 
irom  the  experiments  on  the  proper  form  for  the  Menai  Bridge — 

TV  =  ^^^  ' 


/ 

There  A  is  put  for  the  area  of  the  section  of  the  material  in  square  inches, 
dthe  depth  in  linear  inches,  2  the  distance  between  tlie  points  of  support 
in  linear  inches,  and  C  a  constant,  determined  by  experiment  for  the  par- 
ticular form  of  the  tube.    Hence  we  find — 

«=S ^ 

The  Talne  of  C,  detennined  for  diUbrent  forms  of  beams,  gives  us  their 
ComparatiTe  strength. 

Now,  for  beams  of  the  same  length  and  depth,  wo  have — 

«=I 3 

tbat  is,  the  comparative  strength,  of  beams  of  this  description  is  found  by 
dividing  their  breaking- weight  by  their  sectional  area. 

Hence,  comparing  the  result  of  this  experiment  ^ritli  that  of  Experi- 
ment 2,  where  the  beam  bore  2584  lbs.  per  inch,  we  find  2584  —  3308  =:  210 
=  defect ; 

216 
.",  loss  in  strengtli  =  jrg^  =  "083,  or  l-12th  nearly,  in  parts  of  what  Mr. 

Fairbnim's  beam  bore. 

This  form  of  beam  is  essentially  what  Mr.  Tredgold  has  represented  to  be 
that  of  the  strongest  beam,  whilst  the  elasticity  is  perfect.  The  follo>v'ing 
experiments  will  sufficiently  show  that  this  is  not  strictly  true. 

Exjieriment  2. — Beam  cast  in  common  form  &om  Messrs.  Fairbaim  and 
lillie's  model. 

Distance  between  supports  and  depth  of  the  beam  as  before. 

IHmetmon*  ofteetion  in  itiehft. 

Tluckseuat      A=    -32 
B=    -44 
C=    -47 
FE  =  2-27 
DE=    -52 
Areaofwction      =  3'2 
Weight  of  casting  =  40  J  Iba. 
Deflection  with  5758  lbs.  =  -25  inches. 
„  „    71381b*.  =  -37      „ 

Breaking  weight  =  8270  lbs. 


Tho  bflUQ  ifvisted  a  Ktde  before  brenkug ;  tliia  vi&s  not  imimlly  the  casa 
in  the  other  beEuna  from  thd  some  modcL 
Form  of  &actur« 

.    ,     ,      .»  8270 

men  of  section  ^  -s-s- 

=  2534  lbs. 

Experiment  3.— I>istance  bchrean  enppoirts  and  depth  <d  the  \m 
before. 

1  Am  of  top  lib  .        .    .    .    =2'33X'3l£S   ^ 

■  AtMflfbffttonirib      ,    ,     .    :=6«7  X  *M  =  44! 

■  IhidDienofTsrtioalput 
H Am,  of  Kcticni      «... :^  6*4. 

^Kgl^BBi  ^TcigMofbeant =.TlIbi. 

'  This  beam  broke  In  the  middlis  b^  oompreseion  wiib 

S6p084  lbs.»  or  1 1  tons  IS  cwt,  a  wedga  aepon^tiiig  from  its  nppef  aide.  TLe 
weights  were  laid  on  giudua^U^,  and  the  beam  bad  bonie  wUdiin  ft  Htfb  of 
its  broaking^  weight  a  conHiderable  time,  perhaps  half  on  honr.  The  tarm 
of  tlie  fracture  and  wedge  is  represented  in  Fig.  '2S,  showing  a  aide  \iew  of 
tlie  beAm,  where  ENF  is  tlko  wedge*  £F=;  5  1  inches^  TN  ^  ^  U  iucUeStimgle 
BSF  ftt  the  Tertex=  8a\ 

It  is  extremely  probable ,  &om  Uiia  fmctiUN^,  that  tho  neutral  axis  wft«  at 
N,  the  vertex  of  tbo 
wedge,  and  therefoTo  at         /^  -  i  ^y  ■  ■  ^^ 

throe- fourths     of     the        |[  ^_.*'  U 

depth   of    the    beam*   '^il  '  ~^  ^'^'^ 

flince   3'0   iuchcs  ^  J^         T  |^ 

X  5^  iitchea  nearly.  Fi«*  a*- 

Hence,  strength  per  inch  of  section  ^=  -g, ,    =.  407fl  Iba,,  which  is  much 

greEitor  Uinn  that  in  titiy  of  the  former  ^xperuneuts. 

£jepenmeHt  4,^ — Boam  from  the  same  motlol  aa  in  the  kst  e^porknent. 
Distance  hctweeii  finpports  as  before.  It  bi*oko  iu  the  middk  of  tbo  b«am  bj 
tension,  with  2S,210  lbs.,  or  iWtoue  Scwt,  nearly. 

Tills  is  considcrablj  losa  than  what  the  former  beam  bore,  iliongh  its 

bottom  rib,  in  wliich  the  tensile  power  of  this  form  of  section  almost  whoUj 

ho3,  was  not  much  dilferaiit.    The  iron  must  therefore  have  been  weaker. 

213249 
Slrenjlh  per  square  inch  of  section  =:    g.^   ^  3570  lbs. 

Adoptbg  Mr,  HodglduBon'e  calcuUtioDa  hi  tlio  following  table,  ^ 
have  the  value  of  the  diiferent  scctioDa  of  beams  exueiimented  iul  by 
Tredfcold,  Fairbaim^  and  Hodgldnson,  as  the  numbers  250.  2SS,  and  383; 
or,  tnking  Mr.  Hodgkiiison'a  section  of  grcatcat  strength  as  unity,  the  ralioS 
will  Btfuid-^ 


TABLE    OF  EYTERIMEIPrB. 


lU 


■CIO 
•820 


IFoT  H&dgkinson  and  Fairbaim  as 
For  Hodgkmson  and  Tredgold  as 
For  Fairbaim  and  Tredgold  as 
ese  ntimbcrs  app-oflir  to  give  tho  relative  streu^Ui  of  tlie  diSerent  beams, 
and  no  doubt  they  had  tha  Btrongest  sections  of  all  beams  in  use  at  the  re- 
ipectivG  dfltea.  It  is  to  be  Tegr^itQd  that  vtq  are  uot  in  poaseseiou  of  any 
«acapATatiTe  expcrimeuts  on  tho  beam  t>f  Boultoii  aud  Wntt's  sectioiu  By  n 
iimple  cfticulfltiuiiT  however,  we  find  tho  rati^>  of  strength  to  be  as  1  ;  54^ ; 
Umt  la  to  say,  the  re^i^tmg  poirer  of  one  of  tlicse  haaiu£,  was  little  more  thou 
Bfehalf  that  of  Mr.  Hodgkinaon'fl  strongest  eectiou. 

TabU  of  HfsttUi  indicntAl  by  Tffdfjoldf  J^airbmm,  and  HodtjklMQtCt  b^am*. 


S 

^1 

l|  = 

3 

u 

II 

5 

Ji 

Hcmacl^i. 

Sfii 

ft. 

4 

6 

2-82 

■  - 

aers 

23fl3 

Trcdgnld'8  section,  of 
equal  flangps  top  and 
bottom. 

4H 
33 

4 
4 

4 

6 

G 

6 

3-20 
2-98 

213 

'43 
•flS 

■ff3 

8i7D 

y.j03 
aaae 

2534 
J13a 

288fl 

FtiirTttunt*B  Bccli<m  of 
lR2ft,  with  ft  ningb 

71 

4 

4 

1 

C 
G 

6 

6-4 
6-5 

6-45 

■5G 
■5  ft 

■63 

26084 
2324? 

24006 

4r}r5 

3576 
5825 

1 

JI  odgkinanr/fl  seciioa 
of  greatest  etretigth, 
M  ith  area  of  ilwigea 
:i3  6  to  U 

J 

-  ,:.■ 

riv  SI. 

The  tncreiksfid  demand  for  fire-proof  bmldings,  tak«n  in  coimection  with 
lb*  v-ttoLnineiit  of  the  atrongest  bccHoti  for  cnst-iron  btfiras^  gave  a  renewed 
impalgo  to  their  appiication  in  cvor^'  direction.  The  .form  of  beiun  uttro> 
duced  by  Messrs,  Fairbnirn  and  Lillic  witJi  the  Biiiglo  flajige,  and  those  by 
Tredgold  with  equal  Ganges,  were  discarded,  in  order  to  make  \yiiy  for  thoff^ 
of  tho  improved  section  ;  and  tlio  eoiLfidence  of  engineers  in  ilio  Bccurity  of 
iron  beams  Tv-aa  bo  much  Btrenpthened^  Ihnt  tho  t^pan,  or  the  disitancc  between. 
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the  EUpportiDg  columns  of  fireproof  Itulldmga,  vras  iuereased  Irom  14  to  ^i>  | 
f«6t.  This  poiv«r  of  etilargctactit  ooctirred  mogt  opportunelj,  as  tlic  amplUJ- 
cation.  or  rather  the  longitudinal  extension*  of  some  of  tlie  prinnpal 
mochinerjr  Lu  cotton  mills  At  tlmt  particular  period,  necessitated  a.  consider- 
able iiicre&ao  in  the  vndih.  of  tlie  mills.  Such,  tnoreoTer.  was  the  coniideDCO 
inapiri^d  by  tliia  improved  section,  that  bnildinga  htivo  been  constructed  feoa 
eix  to  fiftven  stories  in  boiglit,  and  h2  feet  ivide,  witli  tmly  one  row  of  pfUus 
down  tlio  centre  of  eacli  room,  and  two  beams  aeross,  each  26  feet  fljMffl 
betfl'Oon  tlie  centre  columns  find  the  walls  on  e&ch  side. 

lu  the  construction  of  the  floors  of  wajBhouses  whirh  have  to  snppcd 
heavy  weiglita.  this  section  of  beam  (when  made  siLfficiently  strong)  has 
been  found  perfectly  secure ;  and  in  bridges  also,  where   the  span  does  not  I 
Gscfyed  40  feet,  it  may  be  nsed  with  perfect  safety,  if  proper  pruenutioua  are  I 
taten  to  insiire  soimd  and  perfect  castings,  I 

On  one  occasion^  and  we  believo  only  one.  a  girder  bridge  has  been  erected 
with  beama  7fl  feet  ftpan  all  in  one  casting.  Tliey  were  made  in  tins  country 
for  Messrs.  John  Dixou  £ind  Co.,  of  Amsterdam,  and  wcra  erected  by  thoet 
gentlemen  on  some  part  of  tho  Haarlem  railway. 

Notwithstanding  tlie  incrcnaed  security  which  has  been  gained  by  these 
improTements  in  Uie  form  of  cast  iron  beama,  Uieir  use  is  nevertlielcs 
attended  with  danger  when  eillier  the  desifj^i  or  conatniction  ia  confided  to 
the  hands  of  ignomnt  persons  ;  and  the  numerous  and  fatal  accidents  whicb 
have  occurred  at  VQrioua  times,  and  which  have  very  naturally  crcatjod  ia 
the  public  raiiid  serious  apprehension  A3  to  their  security,  liave  almost  in- 
variably been  traced  to  this  cause.  On  more  than  one  occasion,  as  many  as 
from  Bftecn  to  twenty  livcfl  have  been  lost  by  tlie  failure  of  caatiron  beams 
in  factories  and  buihlings  where  numhei"S  of  people  wero  coijgrefjtited  ;  and 
the  aggregate  loss  of  lifo  and  property  from  this  cauBa  has  been  very  aerions. 
One  of  t!ie  most  alarming  accidents  of  tliis  liiud  happened  at  OldJinm,  on  the 
3Ifit  of  October,  1844,  arising  from  the  breaking  of  otio  of  the  beams  of 
fl  cotton  factory.  In  this  case  upwards  of  twenty  persona  were  buried  in  th« 
ruins. 

Among  many  other  catastrophes  of  the  samo  nature,  may  also  be 
instanced  that  at  Mr.  Nathan  Gough'a  raiU  at  Salfbrd,  in  18:28,  where  thft 
beams  were  of  a  similar  construction  to  those  used  in  the  building  of  the  jail 
at  Northfleet :  and  the  more  recent  one  at  Mr*  Gray's  mill  in  Manchester,  m. 
IR 15,  ft  description  of  which  was  given  in  the  some  year  to  the  Institution  at 
C'lYil  Engineers, 

Compound  ox  Tmssed  Ijotk  B«AtDS  <it  GlrderB, — Tliese  combinfttionB 
are  rery  objectionable,  and  shoold  on  no  accomit  be  resorts  to  but  in  oases 
of  great  necessity.  If  we  take  a  cast-iron  beam  of  the  section  of  greatest 
stTBngth,  and  endeavour,  by  means  of  truss  rods  similar  to  ABC  in  Fig-  32, 
to  increase  its  powers  of  resistance,  we  shall  find  that,  nnder  certnin  circum' 
stances,  they  introduce  an  nuto^onistic  force,  which  baa  an  injurious  in£a- 
encG ;  or  tiiat,  in  other  words^  the  beam  would  be  safer  without  the 
rods  than  with  tliera. 


Tnraa-BEAMa  on  ojnDEua, 


To  some  this  may  appear  paradoxical ;  but,  iu  urdei-  lu  osccrtEiiu  how  ftir 
statcBttcut  is  entitled  to  credit,  let  us  asamne  Uie  flange  u^  l\.  32,  to 
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b«  one-Bisth  of  the  ai'ca  of  iho  flange  b ;  and,  tinder  the  impression  of  still 
fmtlicr  addju;?  to  its  atrengtli,  let  us  suppose  that  two  tniss-rods  AB,  B  C^ 
Iw  applied,  one  on  each  sido  of  the  beam,  to  assist  in  supporting  the 
vmyht  W. 

Exijenmentaliats  having  found  that  wroiight-iron  posseaaos  great  powers 
of  reaifltance  to  extension,  it  became  a  matter  of  inquiry  bow  far,  and 
Dndor  what  circumstances,  cast  iron  and  wronght-iron  might  bo  employed  in 
lh«  consJjTietion  of  beams,  so  na  to  embrace  tho  advaiitJiges  arising  from 
these  pecnlior  pruperties  of  the  two  mateiiala.  This  inqiiiiy  gave  rise  to  the 
eonstruction  of  trusa-beaniB,  where  wrought- iron  is  solely  employed  to  give 
itrength  to  the  bottom  part  of  tbe  beams  by  its  tensile  redstiuice ;  while  the 
cast  iron  in  the  top  part  of  the  bcaina  ia  solely  employed  to  resist  t!ie  force 
of  compression.  Now,  if  a  truss-bcam  could  be  constructed  so  that  tbe  two 
m&teriak  might  be  brought  to  act  in  porfi^ct  concert  vi'ith  each  other,  this 
contrivance  would,  no  doubt,  effect  a  considerable  economy  of  matcrioJ ;  but 
we  $hj&]I  hereafter  show  that  titis  is  impracticable. 

In  a  perfect  truss-beam  (supposing  it  possible  to  have  such  a  thing),  the 
Qtet  metal  should  be  upon  the  point  of  ruptni^  by  compression,  at  tlio  some 
aunuent  that  the  trusa-roJa  are  about  tn  yield  to  extension.  If  too  great  a 
teonon  is  given  to  the  rods,  they  will  break  before  the  beam  has  flrrived  at 
the  condition  of  rupture ;  on  tlio  eontrary,  if  too  smnll  a  tension  Is  given  to 
them.  Hie  beam  will  brealc  before  they  have  ariived  at  tlieir  condition  of 
rapture^  In  the  absence  of  exact  data,  wo  should  say  that,  in  order  to  avoid 
dttnctiTp  the  tension  of  the  truss-rods  bad  better  he  ton  low  than  too  high ; 
fiiir,  in  the  former  case,  they  would  yield  up  a  portion  of  their  tensile  reslst- 
ance,  mid  then  leave  tlie  rcraaming  portion  to  be  home  by  the  bcEmi  itself. 
An  cTtpp rim *?ii till  ti'ial  showL'd  the  difficulty  of  acyustmg  the  tension  of  tlic 
truss  rods,  ns  m  this  ease  tliey  were  the  first  to  yield  to  cxtonaion,  and  caused 
thj  bciuii  to  break  with  a  weight  which  it  would  have  nenrly  sustained  by 

wn  reaiating  powera.    In  order  to  disrover  the  best  tension  for  the  tniBS- 
it  is  necessary  that  we  should  consider  more  minutely  the  distinctive 
irtics  of  the  two  metals  composing  a  tnisa-beam. 
,0  two  Hods  of  matorinl  are  very  differcntt  both  in  their  physical  and 

ihaiiicnl  properdos-     Cnst-irtm  is  a  hard,  rigid*  crystalline,  unmalleable 
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subsUmce,  ^liicli  presents  great  resistance  to  a  force  of  cumpressioiL, 
compamtivelj  n  small  resistance  to  tliot  of  extension ;  aud,  from  its 
degree  of  ductility*  it  undergoes  liut  Utile  eloogatioii  when  Etcted  upon  I 
tensile  foice.     On  the  coutraryj  icrov^jht-iron  is  a  flexible,  mtLlleable,  due 
substance,  vilucli  presentB  a  great  resistance  to  a  force  of  extenfiion,  trt 
somcwliat  less  redstfince  to  Lliat  of  compression ;  from  its  liigh  dnetilil 
nudcrgoes  a  considerfxbk  elongation,  ^vhen  acted  upon  hy  a  tensile  is 
\Micu  tlio  two  mctftis  are  released  from  tLe  action  of  a  tensile  force, 
»et  of  ill e  onQ  metal  dUJerB  ^ridcly  from  that  of  tlie  other.    The  Ae^dbili^ 
n^ouglitiron  i&   from   eight  to  ten   Utnes  greater  tliau   tbat  of  enst-i 
Under  the  samo  increna^  of  temperature*  the  eipanaion  of  m-ronght-itiM 
considerably  greater  than  that  of  cast-iron:  and  ^hile  wrougbt-iron  yk 
to  a  stroke,  cast  iron  is  readily  broken  by  a  Bercre  coili9ion«  or  by 
Wolent  vibratory  action- 

The  foUoKTog  tabular  generalisations  of  on  extensive  aeries  of  esq 
menta  i^iU  givo  an  exact  comparative  Yicw  of  these  properties  of  cast 
T^Toaght  iron  :— 

Table  I.~5fMn  elongations  by  tmtih  foreet  uithm  tlie  UmiUf  rcqumi 
rtfjihsre  ca^t-iroHt  namclif,  about  1^  torn  ptr  square  inch  qf  the  tTamtt 

sect  ion. 


Name  of  the 
metal. 


CftBt-iroa    .     . 

Wrougit-iroa. 


Kcui  olotignlion,  the  force 
bcitig  L  ton  per  sq.  in. 


ifliVs  P"*  *if  the  whole 
loDgth  of  tho  bar ,    . 

loDgth  of  the  bar ,    * , 


Proportion  of  j 
I'longatioin. 


2i:l 


Seta  v'ith  T  ton 
per  eq.  in 

f  of  U}o  whq 
clopgation. 

rii  of  the  vU 
eloQgatii 


From  (lii»  table  it  appears  tliat,  for  forces  of  extension  below  7J  tona 
square  inch,  the  mesn  elongation  of  cast-iron  is  about  2\  times  th 
WToa^tiron.  When  the  cast-iron  ia  about  to  undergo  niptm-e,  its  ulti 
extension  is  nboiit  lliree  timee  that  of  T^TOUghtirou,  Moreover,  tho 
of  the  eftet-iron  mthin  tins  limit  is  conddewibly  greater  than  that  ot 
,irrought-ii€n, 

Tadle  II. — Miftn  eloit(fatiotis  und  sftg^  irith  t^^tsilc  f&rce*  ^qunl  to  tico-iJi 
of  the  forces  requisite  to  jtroiluce  rupture  in  cttoh  ease  mpectivdy. 


Knmeof  the 


Force  pet 

squarti  incb 

in  tuua. 


Elongation  on 
10  ft  et  of  the 
bar,  in  incbefl. 


Proportionfi 

of 
elongations. 


Set 


Proper* 

lions 

Clf  BClfl. 


Propo* 

ofi 

elongatj 


Wrtmght-iron 


'lU 
'275 


l:2f 


1-133  f 


1  :1[) 


From  this  table  it  appears  ihaU  vhcn  Iho  parU  of  a  trueBheam 
loDdcd,  the  conditiunB  ore  rercrged ;  llmt  ia  to  eay,  tlie  elongation 
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vioaght-iron  becomes  2}  tiinea  that  of  the  castiron,  and  the  set  of  the 
Conner  becomes  ten  times  that  of  the  latter. 

XkBLK  UL — Mean  values  of  ike  tensile  forces  reguisite  for  }>roducing  equal 
dongationt  in  cast-iron  ami  icroaght-iron  bars  10  feet  loiuji  icitk  the  cor- 
responding sets. 


Ucan  donga- 

tioDs  on  10  feet 

in  inches. 

Oast-iron. 

Force  per  square 

inch  in  tons. 

"Wrought-iron. 

Force  per  square 
inch  in  tons. 

Cast- iron. 
Set  in  inches. 

"Wrought-iron* 
Set  in  inches. 

•005 

•26 

•56 

•024 

1-11 

2-5 

•0012 

Xot  perceptible. 

-04 

2 

4-5 

•0031 

•0005 

•05 

2-5 

5-6 

•0043 

•0007 

-062 

3 

6-76 

•00j6 

•0009 

■087 

4 

9 

•009 

•0027 

•129 

6'6 

12-4 

•0150 

•014 

'145 

5*9 

13-26 

•019 

•043 

This  table  establishes  the  following  remarkable  law,  relative  to  the  forces 
reqnisite  for  producing  equal  elongations  in  cast-irou  and  wrouglit-iron  bars : — 
WUJUn  tks  limit  of  ^  tons  tensile  strain  for  cast-iron  and  \Z\  tons  for  tcrought- 
irort,  the  tensile  force  applied  to  tcrouyht-iron  must  be  2J  times  the  tensile  force 
appUed  to  east-iron^  in  order  to  produce  equal  elongations. 

This  result  is  consistent  with  that  of  Tablo  I.,  where  the  elongation  of 
etstiron,  for  equal  increments  of  force,  is  shown  to  be  2^  times  that  of 
wnmght-iron.  The  elongations  in  this  table  may  bo  approximately  derived 
from  Table  I. 

Further,  with  a  force  of  about  5^  tons  applied  to  cast-iron,  and  12J  tons 
to  WToaght-iron,  the  sets,  as  well  as  the  elongations,  arc  nearly  equal  to  each 
other.  Now,  if  these  forces  had  been  duly  apportioned  to  each  other,  tliis 
drcumstance  would  have  given  us  an  eligible  principle  for  adjusting  the 
tension  of  the  iron  rods  in  a  truss-beam :  but,  unfortunately,  this  strain  upon 
the  cast-iron  is  too  near  the  strain  requisite  for  producing  rupture,  while  that 
upon  the  wrought-iron  is  only  about  one-half  its  greatest  tensile  resistance. 
For  forces  below  5^  and  12^  tons,  the  set  of  the  cast-iron  is  greater  than  that 
of  the  wiought-iron ;  and  for  forces  above  0^  and  12^  tons,  the  reverse  takes 
place. 

TiBLB  XV. — Ultimate  elongations — tlie  cast-iron  being  loaded  mth  7^  tons  j^er 
square  inch,  and  terought-iron  with  24  tons  per  square  inch. 


Kame  of  metal. 

Total  ultimate  elongation  in 
ports  of  the  length  of  the  bar. 

Cltimato  elongation  per  ton  in 
ports  of  the  length  of  the  bar. 

Csst-iron    ... 
Wroo^ht-irDn 

jht  er  "2210.  on  10  ft. 
1^,  or  5*7  in.  on  10  ft. 

7^5 
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llenco  it  folItiwG,  tlint  tlio  ulliniato  cloTi^tion  of  wrought  iron  per  ton  mi 
each  square  inch  is  about  eight  timps  (Jiot  vl  castirou,  am\  Um  totci  ultin»te 
elongation  of  wronghtiron  is  nbout  twenty  six  timea  that  of  cflst-iron. 

If  WG  take  tlie  results  nf  Mr.  I*nj-d's  experiments /i=  where  the  BTenge 
breald]]g-\Te]ght  v!n»  32  tans  per  Bc{iiiirD  incli,  we  EhoU  find  that  the  toUl 
ultimjite  elongation  of  wrought-iron  is  about  130  timea  that  of  e&st-iron. 


Table  Y.^Permanatt  set  o/barSt  exprevHed  in  parU  af  their  elongaiioiu 


•I 


Weights  in  tons 
per  ftquare  incli. 

Cflst-iron. 
Set  in  parts  of  the  dongation. 

Wroueht'iroxi, 
Set  in  parts  of  the  elongalion. 

2 

3 

5 

7 

10 

la 

20 

f 

/   Scarcplf 
\  perceptible, 

! 

Hero  it  v\-ill  be  aeeu  that,  for  weights  below  7^  tons,  tlie  set  of  cast-iron  is 
incompurablj'  greater  than  tlmt  of  wroughtriron ;  on  the  contrary,  for  weights 
above  1&  toDS,  the  set  of  ivrouglit  iron,  is  considerably  greater  than  the 
raxim  eet  of  cast  iron. 


h^  an  inciYiiS'T  o/*Mf  t^f  (entpernttife. 


^1 


L«fpgLh  of  bar 
10  fcot 

Elongntion  dun  to 
BO'*  increase  of  tempt ratMrt!. 

DilfertiiiM  of  tho 
clongQti<ms  in  10  feot. 

CRst-iroTi    .     .      , 
Wrought- irtm 

'OfJ6Q  inehoa  \ 
•073S      ,.      1 

»0067  inchcfl.             ■ 

i 


Compaaing  tlia  results  of  this  t&bl@  \i^th  those  of  Table  I.,  we  find  that 
the  elongation  of  Trrought-iron,  by  an  incrcaao  of  00"  of  temperature,  ia 
equivalent  to  the  action  of  a  tcnsilo  forco  of  7  M  tons  per  squaro  inch  -  and 
that  of  cast-iron  to  a  force  of  3  tona  per  square  inch.  Moreover,  the  diiler- 
ence  of  the  elongations  is  equivalent  to  the  action  of  a  tensile  force  of  \  ton 
per  Bquare  inch.  It  is  also  worthy  of  remarltj  that,  while  maJdng  experimenbs 
relative  to  the  elongations  of  metals  wlicn  acted  upon  by  tensile  forces,  wo 
should  carefully  observe  that  t!ie  temperature  remning  nearly  the  same. 

From  a  careful  induction  of  the  facta  contained  in  tliese  Tables^  let  us 
endeavour  to  detcnuine  the  best  adjustment  of  the  tension  of  the  tnisa-roda. 

First,  let  ub  consider  the  case  when  the  tiuss-rods  have  no  strwn  np<ni 
th«int  at  the  time  tlic  bcnni  is  unloaded. 

Suppose  tho  beam  to  be  loaded  bo  as  to  produce  a  tensile  strttin  upon  the 


•  Bw  the  Expcritflentnl  Inquiry  into  t^c  Sticrpth  of  WrtiUffht-ironPUtP*,  Ac.,  by  "W.  fVir- 
Intnit  pntlUhed  In  the  TraniaclJosB  oX  the  iioyel  Sucletj  fur  IBW. 
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trjo^irou  equal  to  oiioUiml  its  brcaldiig  load  i  Uiat  is  to  s»3%  let  the  force  of 
tflongatSon  bo  2\  tons  per  square  ixacU  upon  tbo  cast  metal.  Then,  from 
ill-,  we  lind  lUat  tiio  fi train  upon  the  tnTss-rods  will  bo  about  b^  long 
G  inch ;  and  Uiat  tUo  set  of  the  cast  iron,  after  these  slraiiia  are 
off,  i^ill  be  Btx  times  that  of  the  wronght-iroii.  Now,  in  this  case,  while 
the  ^ist  iron  is  strained  to  only  about  one  third  its  hrealdug- weight,  the 
wrought-irou  is  strauied  to  only  about  one-fifth  its  ultimate  strength  ;  and, 
further,  when  iho  load  is  taken  oS,  tho  cast-kou  b^om  wiil  remain  much  mor^ 
eloDgatfd  thBJi  the  iron  rude,  which  will,  to  a  cert^un  cxttmt,  dentroj  their 
oii^iud  a^nstment  of  tension.  But  thiis,  in  tlio  present  caae,  will  not  act 
onfiiTonrably  J  for  it  will  tend  to  give  a  certtiin  tiujoiint  o£  lenalou  to  tba 
tniB&roda,  considering  the  lenglli  of  each  truss-rod  to  be  one-ltnlf  UtB  length 
uf  the  beam — a  supposition  which  obrionslj  inyolves  no  appreciable  omDunt 
of  error. 

Sopposc  ttie  beam  loaded  so  aa  to  produce  a  tensile  strnln  i^pon  tlie  cast- 
iron  equal  to  5^  tana  per  square  inch :  then,  iu  order  to  produce  an  equal 
doiLgaiicm  of  the  tmss-rods,  the  strain  upon  tliem  must  be  2{  times  5^  tons, 
ur  12|  tons  nearly.  Here,  while  the  cci&t-iron  is  strained  to  more  than  two- 
Unrdfl  Its  ultimate  resistance^  tlie  ^Tought^iron  h  only  strained  to  about  one- 
half  ita  nltimato  resistance.  One  favourable  circmnatance  connected  with 
tMfi  load  U,  that  the  set^  of  the  two  metala  are  v^ry  nearly  the  saxae. 

Suppose  the  boam  loaded  so  as  to  product  n  tcuaile  atrabi  of  10  toufi  per 
SquAre  inch  on  the  truss-rods;  then,  by  Table  II.,  thi^  will  produce  an 
elongation  of  liiith  part  of  tiic  length  of  the  rod ;  but.  by  Table  IV.,  the 
Q^timato  elongation  of  cast-iron  is  ^Isih  part  of  its  length:  IJietefore  the 
CQ^triron  would  ba  ruptured  by  exLeiisiou,  sotuo  time  before  the  tmss-roda 
could  arrive  at  a  Htrain  of  15  lona  per  aquai'o  inch  ;  that  is,  before  they  could 
ilw  strnined  to  twothiids  of  their  ultimate  strength. 

This  adjustment  is  dtafectivc ;  the  truss  rods  must  obviously  havo  a  ceiliun 
Bisount  of  tension  before  the  toad  i&  laid  ou^  in  order  to  bring  them:  into  a 
lughcr  condition  of  acLiuu,  and  to  counteract  the  set  of  the  cast  metal. 

Second  :  Suppose  the  tmas-rods  to  bo  screwed  up  so  as  to  give  them  a 
tension  of  8  tons  per  square  iiich»  or  one  third  their  brealdug  tension;  and, 
fur  the  Bake  of  simplicUy,  lot  Us  Buppose  thai  the  halflengtli  of  the  beam  is 
to  feet.  This  high  tension  of  tho  truss  rods,  it  should  be  observed,  wiU 
produce  a  dangerous  action  upon  the  cast  metal 

Suppose  tlic  beam  to  be  loaded  bo  as  to  produce  a  tensile  sU'iun  of  7^ 
tOBa  ptr  square  inch  upon  the  citst  metal.   Now,  by  Table  IV. ,  this  would  give 

elougatiun  of  '2^  inches;  but  the  truss  had  im  Ldongiition  of  077  inchea 

to  the  strain  of  8  toua  when  Uie  beam  wa-s  in  a  neutral  condition ;  there- 
fore tlio  total  elongation  of  Uie  truss-rod  will  be  '22  -J-  077,  or  '2\i7  inches; 
but  from  Tablu  II.  wc  find  this  elongation  to  correspond  to  about  10  tons  per 

are  inch  tensile  force  upon  (he  rods.     Thus*  it  appears  that  even  with  the 

igcron*  t«nsiou  of  S  toaa  per  square  inch  on  the  truss-rods,  wc  cannot  pro- 
dttco  a  lugher  atrain  tlian  IG  tont  upon  thom  at  the  moment  when  the  cast- 
iron  is  about  to  ruptiue. 


Thirw  :  L*3t  tis  endeavour  to  discover 
tho  tru&B-rods,  so  that  the  dilFereot  porta 
tivdy  [uftilod,  at  the  sam^  moment,  vdth 
tenailo  resistanccB,  viz.  2^  tona  per  square 
p<*r  sqiiflre  inch  for  the  wrotigh'tijron 

Here,  bj  lavr  of  Table  III.,  the  additi 
iron  rods  per  sqimre  inch  =  2J  X  ^^l^  ^==:  &i 
the  rods  por  square  inch  at  tlic  momoixt  \vl 
npoa  it,  we  have — 

t  +  6|  = 
.*.  f  =  2f  tons  per  sqiiare  inc 

Siippos43  tlie  beam  to  be  loaded  so  oa  to 
per  square  inch  of  the  Cfist  metal,  then  th 
tionol  strain  of  2\  times  1  tons,  or  Q  too^ 
Si  tons,  will  «^dve  \l\  tons  for  the  ivhole  atr 
rods ;  bo  tli^t  tho  two  materiiils  will  be  load 
tiv©  breaking  weighta  ;  and,  moreover,  it 
tho  Bota  of  the  two  metals,  after  the  1 
stuue. 

Hence  it  appears  tliat  the  most  etigibl 
give  them  a  tension  of  from  9  to  3  toDfi  per  i 

But  a  load  of  5^  tona  per  square  inch 
destroy  tlie  adjastment ;  for  this  tvohM  pTi 
per  square  inch  on  tlie  trass-rods ;  and  afte 
the  wrought-iron  would  bo  about  three  tunei 
be  furtlier  ob&cired,  that  a  strain  of  lesa  Uii 
would  rupture  the  ciiet  metal. 

An  ortUnnry  beajn.  especially  when  the 
safely  loaded,  to  moot  conting^iK^ies  or  p* 
tliirda  of  its  brciiltin^-Iaful^EuMhim^m 
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iDAterials  are  so  difierent  in  their  physical,  as  well  as  in  their  mechanical, 
froperties,  that  it  seems  impossible  to  constmct  a  beam  with  them  where 
they  can,  under  all  ordinaiy  strains,  act  in  concert  with  each  other.  The 
effects  of  trass-rods  on  the  difierent  descriptions  of  beams  aro  notod  in  tho 
folLowing 

Summary  of  Results  of  Experiments, 


Sketch  of 


T 

I 


T 
I 


Description  of  beam. 


Cast-iron  beam,  with  the  broad  flange' 
downwards , 


The  same  beam  in  tlie  same  position,^ 
with  double  truss-rods  supporting  the  j- 
middle ' 


Beam  rerersed;  tho  broad  flango  upper-) 
most,  without  truss- rods J 


The  same  in  the  same  position,  with) 
broad  flango  supported  by  trussroda  . } 


Beam  with  double  truss  as  before,  broad  ] 
flange  below ) 


The  same,  with   double  truss;  broad) 
flange  uppermost j   12,S10 


Breaking-;    llatio  of 
weight  in  strength,  in 


Iba. 


6380, 


7433^ 


3300, 


12,310^ 


7433. 


Beam,  without  truss  rods;  broad  flange) 
uppermost ) 


The   same  beam,  broad  flango  do^ra-) 
wards J 


33B0, 


6830J 


Iba. 


100  :  127 


100  :  888 


100  :  105 


100  :  173 


From  the  abore  summary  we  may  draw  the  following  conclusions  : — 1  at. 
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That  th«  lulviuitage  gained  by  tm^g  rods  lo  n  cast-iron  beam  of  the  strongest 
SGctioti,  and  placed  in  the  best  position  foi*  resisting  a  transTenA  strain,  is  na 
100  ;  127,  being  rather  more  than  on«-foiirth  of  increase  in  strength.  9tid. 
That  the  simple  beam  reTeraed  with  Uie  Bm&U  flange  downwards  losea  abore 
oneOialf  of  its  Btrength,  as  compared  n'ith  tbe  same  b^am  In  ita  most  favour- 
able position,  with  the  largo  ilange  downivards,  ot  as  luD  :  173.  Again,  let 
the  beam  be  reversed  and  trussed,  with  tlic  small  Ilange  downwards,  imd  ite 
resisting  powers  are  increased  3^  times  in  etrength  as  compared  with  the 
fiome  beam  in  the  some  position  without  tite  trusses,  or  as  lUO  :  333.  Lai^tlj, 
that  the  same  beam,  being  trussed  in  both  instances,  first  with  the  broad 
flange  downwards,  aud  eubseqacndy  with  the  broad  ilangfl  upwards,  g&ins 
nearly  three-foBrths  in  strength  in  the  latter  case ;  while  the  other  is  not 
materially  incrco^d  beyond  that  of  tho  aimpte  beam  entirely  free  horn 
auxiliary  support. 

But  even  supposing  tJiat  we  are  able  to  construct  a  tmss-beem  with  all 
its  pnrticiilar  porta  perfectly  adjusted,  how  loQg  wotdd  it  remain  &o  ?  Be- 
sidiis  the  disturbances  ariBitig  from  unequal  elongations  and  sets,  Eodden 
coUi&ionSp  changes  of  temperature^  and  otlicr  causes*  would  tend  to  de 
this  adjustment.  The  defect  of  a  truss  beam  consiBts  not  so  much,  perhi 
in  iia  want  of  economy  a:s  regards  the  distribution  of  material^  as  in  its 
of  Eitabihty  and  safety.  AYitliin  comparatiycly  small  hniiU^  of  load,  a 
beam  may  pasa  from  n  condition  of  perfect  secnritTf  and  safety  to  ona 
nncertainty^  and  danger. 

We  mij^ht  multiply  theao  compajfisonB  to  a  much  greater  extent ;  hut  we 
have  done  auiBcient  to  prove  the  fact,  that,  mider  tho  most  favourable  circ-um- 
stances,  there  ia  not  much  gained  in  tlio  strength  of  cast  iron  beama  by 
tho  adtUtion  of  malleable  iron  trussroda.  Wnien  such  auxiliariea  Income 
absulul^ly  necessary,  we  woiild  then  recommend  them  to  be  attached  to  beama. 
with  a  strong  fliwige  on  the  upper  aide  to  resist  compreaaicin,  acd  the  tension^ 
rods  so  rogijated  and  proportioned  in  strength  as  to  cause  them  to  act 
simultaneouely  with  tlie  rigid  top  in  their  resistance  to  fracture.  Wlint  is, 
however,  intinitcly  preferable^  is  a  well-constructed  malleable  iron  beam, 
which  may  be  made  of  almost  any  given  £trength,  Euid  of  any  5i>an  wiUiin 
Uie  limits  of  GUO  to  1000  feet. 


idden. 

i 

lift « 


Approxitmttf  little  for  Cah-vhtivg  Oie  S'treti^th  of  a  Truu-heam. 

In  order  to  calculate  the  strength  of  trussed  bcains»  let  us  suppose  that 
the  tension  of  tlie  rods  is  such  as  to  causa  them  to  have  a  strain  of  8  tons  por 
equnro  inch,  at  the  some  moment  Oiat  tiie  cast-ii*ou  has  a  strain  of  *2^  tons 
per  s^iuare  inch  :  tlien,  ^vitli  tliii^  p^rft'ct  (uiju/ttment,  we  have  found,  by  a  pro- 
cess of  reasoumg  which  need  not  be  given  in  tliia  place»  tlie  following  approu- 
mnto  rule  for  calculating  the  weight  with  which  tlie  beam  may  bo  safely 
lotulcd: — J  fid  thffef  fhurs  the  section  of  tJic  tntn-rtjih  to  ihf  gfrfion  nf  the  &of- 
tarn  0firi{/t',  KHhititutif  thh  sum  for  ihe  hottotn  nrca  iu  the  uttvjl  fvnnula /or 
cah'uhttiuff  ihe  aircinjth  of  cast-iron  hftnna,  attd  one  third  thit  revttit  tcitl  *fiv«  the 
Ktiyht  ofsaftty,  or  one-third  the  ihror^tiefd  hrwhituj-urhjht. 


-*  — 


ntlLE    FOB  CAI-CULATISa   TUB  STOENOTH  OJ   UEA3I8.  ^b 

TkaSf  kt  ti'  =.  tha  load  of  safety,  a  ^  thQ  aroa  of  Uta  bottom  Bange,  a^  ^ 
the  section  of  (]jq  tru&s-rodsp  I  =^  tlie  distance  between  iha  poiuta  of  suppoxtj 
And  fi  =z  tlie  deptb  of  tlio  casl^metal  beam ;  Uieu 

«^=       ^    ^ — ^  totii (I) 

In  ons  of  a  seiiea  of  experiments,  vre  find  ft  ^  1'05,  <2i  =;:  '30,  d==  -i, 
(^4  5  X  12; 

a  X  4  5  X  12  •' 

Now  the  breakiiig- weight  of  this  beam  v,as  nearly  l»000  lbs.,  giving  one- 
third  of  9000  lbs.  =  30U0  lbs.  for  the  lond  of  BaJety,  Henee  it  appoara  that 
in  this  tmss-beam  we  Lad  very  ueaiij  bit  upon  a  perfect  acljuBtmcnt. 

Throngbout  lUessc  caJculationa  ive  bave  asBunted  tbat  the  section  of  tbo 
top  Jlange  of  tbe  beam  is  duly  colcuiatcd  to  balance  Llie  united  tcn&ile  forces 
of  Ibo  truss-rods  and  the  bottom  ilango  of  tbe  beam. 

Let  Q3  now  consider  tlie  qaestion  of  econouiy  as  regards  tbese  beams. 

CoApaziflon  of  Coat. — tu  estimating  tbo  comparative  advaDtages  of  dif- 
ferent forms  of  beams,  we  should  always  cousidet  Uieir  ratio  of  coat  for  a 
^veu  amount  of  etrengtb.  In  order  to  apply  this  motliod  of  compariBon  to 
tke  caa«  of  trassed  beams,  let  n  ^  Uio  cost  of  the  beam  mttiout  tlic  trusses, 
«i  ^  the  coet  of  tbo  truss  rods,  tt^  =.  Uie  cost  of  their  eoustmctioD ,  k  ^  the 
bcaHng  weight  of  the  beam  without  tho  trussea^  and  W  the  breokiug-weigbt 
with  ike  trusses ;  then  wc  have — 

Comparative  odvautoge  of  the  tmsscd  bcam»  the  beam  ^thont  the  truescs 
kijig  represented  b}*  unity, 

a  -^  a,  -^  Oj         w 
In  tho  cose  of  one  of  the  beams  cxporuue^ted  upon,  for  example,  wa 
have — 

a  =  4J  abilliflgt,  a^^a^  =  4  ibUliags,  te  =  fiSOR,  W  +  TlOO ; 
tiiim  by  formula  (1)  wo  have — Comparativo  advantage  of  tlie  ti-uased  beam, 

fiittt  ia  to  fifty,  tho  advajitagQ  of  tbe  simple  beam  as  tiomparcd  with  tbe  tmSBed 
beam,  is  nearly  aa  1  to  5. 

8tz«ngtb  of  Ga^t^Iron,^ — On  tlie  resistiug  powers  of  ca^t^iron,  some 
cmauos  and  interesting  facts  liavc  been  developed  by  experiments  conducted 
MUe  years  since  at  Ibe  request  of  tbo  British  Association  for  tlie  Advance- 
Uiait  of  SdcncCp  conjointly  by  Mr,  Hodgkinson  and  Mr.  FaJrbaiin.  It  baa 
■Jwaya  been  a  very  important  question,  wliat  is  the  cHect  of  lengthened  time 
in  dimlnlBhing  tho  reaiatijig  powers  of  heavily  loaded  structures,  or  whetlicJ 
a  Cfjntiiiiiancei  of  a  force  having  a  tendency  to  ru|itiirc  the  parts  of  a  beam 
■trill  ulLLmately  luad  to  Cracturo.  To  solve  this  question,  and  to  delermino  tho 
law  which  governs  tho  resisting  powers  of  cast-iron  undt-r  such  circmuBtajices, 
the  following  experiment*  were  introduced.  They  commenced  in  Mureh.  1^37, 
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and  tenma&ted  m  )B4t£ ;  and  ns  these  experiments  materiiLlly  ^ect  formally 
aclma'n^ledgtd  theories  on  the  fitrcagth  af  materiaht,  it  may  not  be  mexpedicnt 
to  give  the  resuita  fts  they  were  uniformly  recorded  during  a  long  series 
e^eiiuicnts. 

Table  I. — Pefjuaiu^it  l^ad*. 

Ched'Tattm  reeianpdar  ixtrSj  4  ft.  G  int.  brttenn  ntpjHtrt^f  httdtd  ieUA 
vetpAta  Jhr  deUrmming  the  eh&Hffti  of  dfJtecHon  uhieh  talst  piaet  imwtg  «i 
periods  of  time,  the  mean  brevkirtf-ice^ht  of  each  mrt  of  iron  hmimg  0wm  previ 
atefrtaitteJ  (o  be—Jift^  the  coid^blusf^  50S  tbit.t  attdfar  tk»  hot*biMty  484  Ihs. 


No.  of   1     rormnnont 
bflni.     '      load  in  lb*. 

Mean  bremking- 
woight  iti  lbs. 

EUtio  cf  brv4king- 
weiglit  to  loud. 

Iknuu-ks. 

280 
336 
S02 
44S 
448 

60ft 
60& 
60S 
60S 
508 

1  ;  '651 

1  :  '661 
1  :  -771 
1  :    881 
I  :-&81 

1  OoId-bUftt  ifefk. 

S 
» 

10 

280 

3S2 
448 
443 

48-t 
4S1 
484 

484 

1  :  '678 
1  :'694 
1  :  '805 

1    L  '92d 

1  :  '925 

\  IIot^blMt  iron. 

From  tLe  above  will  bo  seen  the  nntoro  of  tho  oxporiments  tcIucIl  were 
in&tituted  for  the  purpose  of  aHcertainiDg,  by  an  exceedingly  minute  ficaie* 
the  incrcnae  of  deflection  which,  from  time  to  time,  took  place  on  tho  bajB. 
If  thnt  increase  'were  pragrossiTe,  it  might  then  be  inferred  that  ruptoi^  mtist 
at  some  tlmu  or  other  (however  remote)  take  place ;  if  oUiorwiao,  that  a  new 
arnujgcmcnt  of  the  moloculca  of  the  parts  under  strain  had  taken  place,  and 
bad  thus  become  Uxett  "nitli  a  power  of  reaistance  equivalent  to  the  load. 
The  lesults  from  Morch^  1637,  till  April,  \%^,  were  as  follow: — 

Table  Jl.-^BfsuUn  on  httrs  No$.  2  mtd  T,  lond^d  icHh  336  Iht. 


TEmperaturc^ 

Date  of 

observation. 

Oold-blimt 

dvflcction  in 

incbtB, 

Unt'blMt 

deflL'(!t(on  in 

inches. 

Eatio  of  inorcaK. 

7d' 
61* 
68' 

11  Mnixb,  1S37 
3Ju»c,     1838 
6  July,     1839 
fl  June,     1840 

22  Nqt.,    1841 
10  April,    184^ 

1  270 

1*305 
1-303 

3-aofl 

1308 

1 4m 

1638 
1-633 
1-520 

law 

1620 

Prciioiu  to  tha  tiauf 
of  taking  the  de- 
flectito    in    Nov. 
and  ApKlf  thtt  hot- 
blast  hni  bad  been 
diEturbed. 

63^ 

Ml' nil 

1-301 

1548 

The  above  eiperiment^  ahow  a  moan  increase  in  tlie  deflection  of  the 
eold-bUst  bar  daring  a  period  of  live  years  of  ■  03 1 ,  and  of  '0S7  in  that  of  tb^ 
hot-blast  bar. 


DKTLEOnOST   OF  HOT  AND    COLD-BLAST  IROK. 
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Table  JH.— Results  on  bars  Nns,  3  and  8,  loaded  mth  302  Ihs. 


Tempentare. 

Bate  of 
obserration. 

Cold-bloat 

defloction  in, 

inchca. 

Hot-blast 

deflection  in 

inches. 

Remarks. 

IT 
61' 

68* 

6  March,  1837 

23  June,     1838 

6  July,     1839 

6  June,    1840 

22  Not.,    1841 

19  April,    1842 

1-684 
1-824 
1-824 

1-825 
1-829 
1-828 

1-715 
1-803 
1-798 
1-798 
1-804 
1-812 

63- 

Hoan. 

1-802 

1'788 

Bonng  fivo  years,  the  increase  of  the  deflection  of  the  cold-blast  bar  has 
been  rather  more  than  that  of  the  hot-blast,  the  mean  increase  being  as 
'118  to  '073 ;  whereas  in  the  former  table  the  increase  was  on  the  other  side, 
or  u  *03l  to  '087.  Nererthelcss,  the  deflections  iu  this  case  indicate,  as 
bdbie,  a  steady  increase  of  deflection. 

Table  tV. — Results  on  bars  Nos.  4,  5,  0,  and  10,  haded  mtk  448  Ihs, 


Date  of 
obserration. 

Cold-bkst 

Hot-blast 

Tonpaatiiro. 

deflection  in 
inches. 

duflection  in 
inches. 

Ecmarks. 

6  March,  1837 

1-410 

Both    the  hot-blast 

78» 

23Jime,     1838 

1-467 

bars  broke  at  once 

72* 

fiJuly,    1839 

1-446 

with  448  lbs.,  and 

61- 

6  June,     1840 

1-445 

one  of  the   cold- 

60' 

22  Not.,     1841 

1-449 

blaat  bars    broke 

fir 

lOApxil,    1842 

1-449 

after      sustaining 
the  weight  thirty- 
soTon  days. 

53- 

Mean. 

1-442 

" 

The  progressive  increase  in  the  deflection  in  this  case  is '032 ;  which, 
ttwill  be  observed,  is  much  less  than  those  exhibited  in  the  former  table  with 
mights  of  302  lbs.,  and  less  than  tlio  increase  of  deflection  of  the  hot  blast 
bar  in  Table  I. 

Viewing  the  whole  of  these  results  in  the  light  of  a  problem  affecting  the 
laws  which  regulate  the  resistance  of  bodies  to  continuous  sti-ain,  it  is  im- 
p<nrta&t  to  know  how  admirably  the  cohesive  powers  of  matter  adapt  them- 
selves  to  circumstances,  and  ^ith  what  tenacity  they  resist  forces  tending  to 
dissever  and  rapture  tlieir  parts.  It  yot  becomes  a  question  for  consideration 
how  far  this  power  extends,  and  whether  or  not  bodies,  when  loaded  even 
wifliin  one-thousandth  port  of  the  weight  that  would  break  them,  would  or 
would  not  soMtain  the  load  for  ever,  provided  no  disturbing  cause  were 
present  to  produce  fracture.  Notwithstanding  the  fact  that  tlio  whole  of 
ithe  loaded  bam  exliibit  an  increase  of  deflection,  the  writer  is  inclined  to 
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think  such  would  be  the  oaae,  and  to  ftttiibnte  the  Reflection  to  the 
vibrationB  continoallj  going  on  in  the  building,  and  to  the  changes — such 
as  temperature,  oxidation,  &o. — to  which  every  description  of  material  is 
subject. 

In  these  experiments  it  was  folly  established  that  a  continued  and  per- 
fectly permanent  pressure,  even  when  approximating  to  fracture,  is  Tezy 
different  to  the  law  of  deflective  elastudfy,  coosed  by  changes  affecting  the 
conditions  of  material.  These  changes  are  the  increase  and  diminntion  of 
pressure,  producing  a  disturbing  force  on  all  the  parts  under  strain ;  and  by  a 
continued  series  of  alternations,  eventoally  destroying  the  antagonistic  powers 
of  resistance. 

In  the  former  case,  the  load,  however  near  it  approximates  to  fracture, 
remains  permanently  fixed;  whereas,  in  the  latter,  the  changes,  however 
minute,  will,  if  continuedlong  enough,  load  to  destruction.  Mr.  Hodgkinson's, 
as  well  as  Mr.  Fairbaim's,  experiments  lead  to  this  conclusion;  and  we  have 
no  doubt  that  any  load,  however  small,  producing  a  permanent  set  upon  a 
bar,  when  taken  off  and  again  restored  a  sufficient  number  of  tunes,  will  at 
last  break  it.  For  example,  suppose  we  take  the  bars  supporting  the  lightest 
weights,  280  lbs.,  and  admitting  that  the  load  be  removed,  or  relieved  to  the 
extent  of  200  lbs.  every  thirty  seconds,  it  is  evident  that  this  change,  often 
repeated,  will,  in  the  end,  destroy  tlie  cohesive  powers  of  the  bar,  either  in  the 
lower  part  of  its  crystallino  extended  section,  or  in  the  upper  part  where  the 
crystals  are  compressed,  and  where  it  is  probable  the  destructive  process 
would  be  progressive  in  a  given  ratio.  This  constant  movement  of  the  atoms 
of  crystalline  as  well  as  fibrous  bodies  is,  probably,  the  cause  of  breakage ; 
and  however  slight  the  strain  may  bo  when  applied  first  in  one  direction  and 
then  in  another,  it  oul}'  becomes  a  question  of  time  how  long  it  will  bear 
these  coutiuucd  repetitions  before  rupture  takes  place. 

Table  V. — Comparative  Strength  ami  Potrfr  to  rcsitt  impact  of  the  Coed- 
Tahn  hot  and  cold-blast  iron  at  various  temperatures. 


Transverse 

Strenpths. 

Temperature. 

Coed-Talon  cold-blast. 
- 
No.  2  iron. 
851-0 
f  940-7  1  Mean 
1958-5)  949-6 
743-1 
7231 

Coed-Talou  hot-blast. 

Hatio. 

Fahrenheit 
26' 

32"* 

190* 
lUd  in  dark. 

No.  2  iron. 

823-1 
1  933-4 1  Mean  1 
1 9060)  919-71 

8236 

829-7 

1000  :  967-2 
1000  :  977-6 

1000  :  11080 

No.  3  iron. 

No.  3  iron. 

212* 
600' 

(9050     Mean 

\  943-6  /  924-3 

(   909-3     Mean 

U1570     1033-1 

818-4 

834-1    Mean 
917-5    875-8 

1000  :  885-4 
1000  :  847-7 

KFFECTS   OP   TEMrEHATDHE   ON   CAST-inOM, 
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Fbtcrr  to  resist  Impaet 

Tempcnitiira* 
PiAreiibeit, 

i«r 

Coed-Talon  ooIJ-llaat. 

Coed-Talon  tot-tlMt. 

Efllio. 

No.  2  iron. 

34&-S 
1  360-3  iMesn 
U04'5i  362-4 

2237 

No,  2  iron, 
3408 

406-9  J  M^n 
38a-2 1395-0  f 
298-9 

1000  t  d7A 

1000  :  10$2"EI 
1000  :  U3a 

Mvialus  of  Eljuti'til^  in  Twm^for  a  Bom  ofons  inch  sguait. 


Tcmp«nLture. 

Co^jd-ToloQ  cold-Uoflt 

Coed-Tuloii  hot-blnat 

Ffthrenhdt, 

190" 

No.  2  irou. 

12&04400 
(13606700  1      Mi-fin 
\15148200I  1027450 

14388000 

No.  2  iron. 

14267600 
fl3j23o00\      MeAa 

U42d32OOjH0D33A0 
I3§69o00 

In  puretiing  those  iiiTegtigntions,  it  imfortun a telj  lifippeiiod  that  the  stock 
rfNo,  2  iron  became  exiiausted ;  ft  ciiciimatance  Tvhioh  int^rcepta  the  com- 
|wuisoa  from  six  degrees  bolow  the  freezing  pomt  of  water  to  tlie  temperaturfl 
of  m died  lead. 

The  No.  3  Bhould  havo  hoea  broken  at  all  the  points  of  temperfttnre,  in 
order  to  hflTs  ascertained  the  loss  of  strength  db  the  heat  increased.  It  was 
sot,  however,  accomplished ;  aud  from  this  circumstance  tho  comparison 
only  holds  good  between  the  two  qualities,  No.  2  and  No,  3,  from  tlie  boiling 
pcnnt  of  water,  or  21  a"  up  to  Gf)(f  of  r'alironheit.  In  tl»e  No.  2  iron  it  nUl  be 
^HMlTed  that  tho  Btrength  continued  to  diminish  as  the  tomperaturo  in- 
oreaMd :  whereas  in  No.  3  it  increased,  aa  shown  in  the  table,  from  tt34*S 
to  10a:V  l»  whieh  can  only  he  accounted  for  from  tlio  irrcffidaritj  and  grenter 
rijridity  of  that  description  of  iron.  On  the  whole,  we  may  infer  that  cast-iron, 
of  average  qnalityj  loses  strength  when  hentcd  beyond  a  mean  temperature 
of  120*;  and  it  becomea  insecure  at  the  freeaing-point,  or  under  3^°  gf 
I^ihronbeit. 

Ob  WnvB^t  Ixou  B«a3n>. — Of  late  years  the  extenair^  ai^plication  of 

nroalle^ble-irou  to  every  kind  of  iron  constnictioDi  has 
led  tAi  the  adoption  of  wrought-fron  Ijcama  in  place  of  the 
cast-iron  and  trussed  beams  of  wliicli  wo  hav6  been 
treatiug.  Wrought  iron  may  be  obtained  in  plates  of 
almost  any  size:  and  these, coancctcdtogeOier  by  riveting, 
and  atrojigtiieacd  by  angle  aud  "T  irons,  form  the  safest, 
Strongest,  snd  in  most  cases  the  cheapest  of  all  construc- 
tions. 
At  first  the  box  beam»  of  which  Fig.  3d  represents  a 
Flff.  33.  {section,  was  considered  superior  to  the  flat  beam  reprc- 

Bsnted  in  Fig.  31.    These  two  beamb  have  been  alternately  employed  for  the 


ijJO  BOX  AXD    FLAT   B£^U3   FOB   ISOSt    fiOOSES. 

pnrpoaes  above  m^ationed :  but  we  have  invariably  given  the  prefereno« 
to  llio  pliLtfrbenjn  (Fig.  34),  on  account  of  ita  BJmpUcity  of 
coiistiniction  ;  although  Inferior  in  strength  to  the  box-beam, 
it  has,  nererthelesa,  other  valuable  propertioa  to  recom^ 
mend  it. 

On  compfktiug  tho   strength  of   tbesa   beams  Bepamtelf, 
weight  for  weight,  it  wHl  be  found  tlmt  the  box-heiun  is  to  (hQ 
plate  beam  as  1  ;  *y3,  or  nearly  100  :  00.    Tbia  diJTerence  in 
, .  t^  Bti'cngth  doc3  not  arise  from  any  want  of  proportion  in  the  top 

^~^  ^~^  and  bottom  sections  of  cither  be^n.  but  from  the  position  of  tliti 
Fig,  3i.  mtiterial,  which,  in  the  box  form,  offers  greatly  superior  powers 
of  resistance  to  lateral  flexure.  Tiiking  the  plate-beam,  however^  in  a  positioa 
pViitar  to  tlint  in  wliich  it  is  nacd  for  suppoiling  the  arches  of  £id^roof 
buildiags,  or  the  roadway  of  n  bridge  where  the  verdcal  positlos  ifl  main- 
tained, its  atrength  is  very  nearly  nequal  to  that  of  tlie  bo^-beam;  while  in 
such  a  position  it  is  of  moro  simple  construction,  less  expensive*  and  more 
durnblo  irom  tho  circnmstimce  that  the  vertical  plate  is  thicker  thou  the  dde  1 
plates  of  the  boi-beam.  and  is,  couaequently,  lietter  calculated  to  resist  those 
atmospheiic  clianges  which,  in  this  cUmatc,  UavQ  so  groat  an  influence  upon 
the  durabiljiy  of  tlie  metals.  Besides,  it  admits  of  easy  acceas  to  aJl  its  parts 
for  the  purpose  of  cleaning,  painting,  Ac. 

In  all  biuldings,  such  as  woi'ehouscs,  cotton  and  flax  mills,  and  dweUug- 
houses  wliich  require  protection  from  risk,  whether  arising  from  weakness, 
from  the  employmeDt  of  a  mor@  dangerous  materiat  such  as  oast-iron,  or  from 
fire,  it  will  bo  found  exceedingly  valuable^  irrespcctiTe  of  the  aenso  of  security 
which  the  nature  of  the  material  is  snro  to  establish  in  the  public  mind. 

One  feature  in  the  use  of  this  materiol  is  the  soope  which  it  gives  for  an 
oitonsion  of  apace  to  any  distance  commensarat  j  witli  the  convenienoe  ol 
tho  ostabUflhraont,  or  tho  taata  of  tho  architect  or  engineer*  Most  of  the 
improved  cotton  mills  ar<5  from  00  to  il5  feat  in  ^Wdth.  with  two  or  three  rows 
of  columns,  at  distances  of  lb  to  IG  foot  across  the  mill,  and  from  9  to  10  («et 
in  the  dii*ection  of  its  length.  These  columns  present  serious  obBtractions  to 
the  convenient  aiTangement  and  free-worlong  of  tho  machinery,  but  they 
cannot  well  be  avoided  where  cast-iron  beams  are  used.  By  the  employment 
of  wToughl-iron  they  quickly  vanish,  as  ono  row  of  eolumns  ^ith  only  two 
beams  in  width  not  only  m^^ets  the  objection,  but  removes  all  doubts  as  bo 
the  security  of  the  structure.  In  these  constructioELB,  however*  it  must  bo 
bomo  in  mind  that  nu  increase  of  apace  is  attended  with  a  considerable  in- 
crease of  eipensQ ;  but  whun  the  latter  ia  not  A  sericns  oonudeiatioii,  fire- 
proof mills  jnt^ht  be  buHt  upwards  of  60  feot  in  width  without  the  intr& 
duction  of  a  single  column,  or  any  other  obatruction  whatever. 

In  large  buildingq  this  mny  be  eflectcd  with  perfect  ease,  and  the  beams 
so  coustmetcd  as  to  ratry  a  load  of  4  or  &  tons  to  the  iquare  yard.  Let  us. 
however^  return  to  those  erections  which  require  a  centre  column,  AviUi  a 
distanco  of  30  feet  on  eacli  side  bHween  the  bearings.  In  a  building  of  this 
hind,  tlte  beams  t^-ill  each  be  31  feet  6  inches  long,  and  30  feet  between  the 
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jmd  may  be  composed  of  jilfttes  22  inches  deep,  1%  tlack,  eluiI 
angle-iron  |  cuid  |Uis  of  an  inch  thick,  rivctUid  on  boUi 
aideg,  aa  shown  in  the  sections  Fig-  S5.  Taking  tJie  con- 
stant at  7ft,  wliich  Wfi  take  instead  of  80*  used  for  com- 
puting the  sti'ength  of  hollow  girders  with  ceUular  top,  to 
compensate  for  defects  in  form  which  cannot  be  remedied 
in  the  fiingle-plate  girder,  the  breaking- weight  of  Uiia  beam 
would  he  oa  follows : — 

Let  W  represent  the  brcoking-weigkt  in  tona,  a  the 
area  of  the  bottom  flange,  d  the  depth  of  the  beam  =:  22 
inches, /=:: the  distance  between  the  supports:^  300  inches, 
tJien  tve  have 

75  X  6  X  22 


t 


3G0 


=r  27-5  tona  in  the  middlii!, 


o:r  56  tans  distributed  equally  over  tlie  surfiio^. 

Now,  a  cast  iron  beam  of  the  best  form  and  strongest  aecdon,  smd  calcu- 
lated to  support  the  same  lood,  wouJd  weigh  about  9  tons;  whereas  the 
wrought  iron  beam  would  only  weigh  lOewt.  1  (jr,  14  lbs.,  or  a  litU«  raoro 
than  one  third  of  the  weight  of  the  cast  iron  beam.  This  diflcrence  is  of 
considerable  importance,  ns  tliore  la  less  weight  to  cony,  and  much  greater 
certainty  as  rcgarils  the  ultimate  strength  and  security  of  the  beama.  Let 
afl»  however,  extend  the  comparison  still  furtber^  and  endeavour  to  ascertain 
the  cost  of  the  matorial  and  confitruction  of  each  kind  of  beam,  which,  after 
an,  is  the  only  criterioa  of  tlio  utility  and  fitness  of  any  injprovement.  Every 
invention  resolves  itself  into  this  comparfson ;  and,  in  order  to  securo  a 
successful  application,  the  superiority  of  the  articlo  (when  other  things  vara 
the  aame]  must  be  measured  by  the  price  at  which  it  can  be  prodacad. 

Afisimuiig,  therefore,  that  cast-iron  beams  can  bo  delivered  at  U)e  foundry 
at  j£6  10«.  per  ton,  and  tliat  tlie  Avroughtiron  plubo-girdcrs  con  be  manu- 
iactnied  at  £iG  per  ton.  it  follows  that 

A  cast-iron  beam,  40  ewt.,  at  Otf.  QJ.  .  .  .  *  .  .  .  ^13  Qs. 
A  wrought  iron  beam,  IG  ewt.  1  qr.  14lba.,  at  16«.  .  .  ^13  9«. 
making  a  diiference  of  only  two  ahiUingB  between  U^o  cost  of  the  one  and  the 
cost  of  the  other.  Assuming,  therefore,  Uie  prices  to  be  the  some,  we  hayo» 
in  the  case  of  wrought-iron  beoma,  only  about  one  third  of  the  weight  of 
metal  to  carry ;  while  tlie  lighter  woight  of  tlie  ^Tought-iron  beama  will 
enable  us  to  orect  and  €x  thorn  in  their  places  at  conaiderably  l(^ss  cost. 
Altogether,  we  aro  persuaded  that  wrought-iron  bcoms^  manufactured  on 
A  largo  scale,  might  ba  BuppUed  at  a  rata  eo  moderate  as  to  auBwer  that  most 
de^rable  object,  the  combination  of  strength  witli  iightness  and  ijecitrity, 
Th*  writer  ia  even  of  opinion  that  beams  of  this  dcscriptiou  pan  be  mouu- 
Ikcturcd  at  i'l4  per  ton  instoad  of  £10,  aa  quoted  above.  If  this  con  be 
elfected^  there  ia  a  direct  saving  of  £1  10*,  O^i.  per  ton;  a  very  important 
economical  conoiderntion,  independently  of  the  increased  eecurity. 

Should  Liiis  descnption  of  beun  become  general  in  ita  apphcation,  it  is  more 
thftn  probable  that  idl  those  undur  12  cwt.  might  be  delivered  at  once  of  the 


It 
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^*«.ivc,  Miiiiciciii  luit'uunii 
tional  funn  in  order  to  nttii 
Fig.  3i;.     strength.     In  wroiiglitiron 
flange  requires  to  be  nearly  doiiblo  Ilia 
in  Fig.  35;  but  as  yet  this  class  of 
dnccd  in  England.    If  tliis  dcscriptio 
manufactured,  it  would  elTect  a  great 
and  would,  at  the  same  time,  ensure  jd 
in  the  strength  of  beams,  avoiding  alt> 
riveted  angle-iron,  which  constitutes  c 
Btmction. 

Hitherto  we  have  treated  of  beams 
stances,  however,  occur  where  they  aro 
able  strength;   and  in  recommending  t 


..3^_._«, 


necessary  that  we  should  meet  these  rcq 
construction  suitable  for  such  purposes. 
smaller  description  of  wroughl 
duced  at  once  from  tlic  rolhng 
price  per  ton.  In  cases  wher 
qnirod  would  render  it  imprac 
in  one  piece,  convenient  weigl 
sections  of  the  proper  fonn,  r 
description  bo  constmctcd  by  j 
as  shown  in  thft  nnt>/.— ^     ' 
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wili  be  e(iual  in  strougth  to  oiio  iVmiioLl  of  sulid  iron,  withuut  tlic  iiitcrvcuU'iu 
of  a  singlo  joint. 

It  18  probable  that  the  rectangular  box-beam  is  more  appropriate  for  the 
Bopport  of  great  irei^ts  on  a  large  span  than  the  plate-beam  recommended 
aiboTO ;  but  ire  hare  already  stated  our  objections  to  the  box-beam,  Tiz.  the 
danger  of  oxidation,  and  the  impossibility  of  reaching  the  interior  for  the 
purpose  of  cleaning,  painting,  &c. ;  and  we  are  of  opinion  that,  with  proper 
care  in  the  construction,  in  spans  up  to  forty,  and  in  some  cases  up  to  fifty 
feet,  the  plates  will  bo  found  superior  to  any  other  description  of  beam.  In 
eases  where  the  distance  between  the  supports  exceeds  fifty  feet,  the  tubular 
girder  is  evidently  tlie  best  form  of  beam ;  but  of  this  we  shall  speak  more 
fidly  when  we  como  to  treat  of  bridges. 


SECTION  II.— ON  IRON  FLOORS,  ROOFS,  &c. 

Oaat-Xron  Oolnnuu, — ^Among  the  applications  of  iron,  cast  iron  columns 
will  continue  to  hold  a  prominent  position.  Tlie  great  resistance  of  cast-iron 
to  compression  was  proved  by  experiments  already  referred  to  (page  301), 
when  treating  of  artillery  and  ordnance. 

The  subject  of  columns  has  been  ably  investigated  by  Professor  Hodg- 
kinson,  and  he  has  deduced  some  interesting  restdta  from  a  long  series  of 
experiments.  Ho  has  shown  that  the  strength  of  cast-iron  pillars  with  their 
Olds  flat,  bears  a  constant  ratio  to  tlieir  strength  when  their  ends  are  rounded. 
Taking  the  mean  results  as  derived  from  the  expcrimonts,  wo  have  the 
tollowing  cozioos  facts : — 


Columns. 

Breaking-weights  in  Iba. 

Both  ends  rounded          .     .     . 
One  end  rounded  and  one  flat  . 
Botfi  ends  flat  or  with  discs 

143 

487 

3017 

6278 
9007 

7009 
13499 
20310 

7009 
13565 
22475 

16493 
33577 

In  the  above  table  it  wiU  be  observed,  tliat  tlio  pillars  in  each  vertical 
cofamm  are  of  the  same  length  and  diameter ;  the  strengths,  therefore,  in  the 
three  different  cases,  reatling  downwards,  arc  as  1 , 2,  •*!  nearly,  the  middle  being 
sn  arithmetical  mean  between  the  otlier  two.  It  is  sho^m,  moreover,  by  the 
experiments  on  timber,  wrought-iron,  and  steel,  tliat  the  strength  of  a  pillar 
with  one  end  rounded  and  the  other  flat  is  always  an  aritlimetical  mean 
between  the  strengths  of  pillars  of  the  same  dimensions,  with  both  ends 
nmnded  and  both  flat,  however  tlie  strength  of  these  may  vary. 

That  the  same  law  appears  to  apply  to  wrought  iron  and  timber,  may  be 
,firom  the  following  results : — 


Length  in 
in^es. 

Ends  rounded. 

Ends  rounded 
and  flat. 

Ends  flat. 

n  ronglit-iTon 
Wroagh^iioa     .    . 
Timber     .... 

1808 
3938 
3197 

3365 
8137 
6109 

5280 

12990 

9625 

USKFUL  METALS, 


4S4 


TBMSOfl  M£THUU    OF  tUKSTBtJCTIStJ    lUOS    VLCWUi^. 


Tlie  gtretigtliB  iii  thcso  caseB  ar«?,  thevcfmc,  as  1,  2,  '4.  iiutLrlj'  tin;  same  u 
those  on  caat-iroti,  tlie  mJddliT  being  an  ftritliQictical  mean  between  the  oUier 
two.  TLcBO  are  facts  Umt  require  careful  attention  on  the  part  of  orchitecU 
and  tuilders,  as  the  bearing  powers  of  a  column  may  be  weakened  oue-Utird 
by  having  one  t»f  its  ends  rounded,  and  two-thirds  whtn  both  ends  are  rounded. 
AH  coKiDin&  should,  tlierefore,  have  flat  ends. 

FloQVB* — Before  cjitcriug  on.  the  applicaiion  of  iron  to  roofa  and  the  coa- 

Btruction  of  bouses,  churches, 
^^        "^^  &c.»  it  will  be  dcdrabk  to  no- 

tice the  IVencb  system  of  con- 
structing tlie  floors  of  dwdl- 
ing  houses  and  public  biiUd- 
inf^B-  There  are  two  Eysttma 
n  t  preecnt  in  use  in  the  Fi-ench 
^;x  metropolis,  the  Sifsfcme  Vuax 
and  the  Sj/strmc  'I'iiwifne ;  thfl 
fanner  employing  fiatrolled 
iron  joists,  t!ie  latter  roilpd 
iron  joisla  with  ISinires.  In 
botJt  systems  tlie  joists  aw 
united  by  transTcrso  Utsrods, 
and  tJiCBe  ti^ain  are  interlaic«d 
by  smn\\  bars  of  iron,  Tftiyjng 
ft'oin  tbrce  eighths  to  one  half 
inch  square,  accnrding  to  cir- 
cumatitnceB.  These  tnetliods 
hare  been  in  use  for  somfl 
yeai's  past ;  but  tUflt  of  M. 
Thnasne,  winch  is  simply  mi 
improvement  in  the  (arm.  of 
the  joints,  has  come  ijito 
gener^  use  sinee  the  com- 
mencement of  the  alterations  of  the  LouTre  and  the  Rue  de  llivoli.  The 
beams  generally  employed  arc  BimHai-  to  tliose  ahown  In  Figs.  36  and  37 ; 
and  they  v&ty  in  depth,  tJiickness,  and  lengthy  according  to  the  width  o/  tlie 
room  or  tiie  length  of  the  span.  At  5rst  tliey  were  placed  at  distances  of  one 
metre  apart  c=:  H  feet  3^  inches;  but  that  distance  was  found  to  be  incon- 
Tenient,  not  giiing  Euflicicnt  strcn^  and  ri^ditj  to  the  floor;  and  hence 
they  arc  now  placed  at  about  t^vo  feet  asunder. 

The  UBual  way  of  forming  the  ceiling,  is  to  force  upwards,  against  the 
bottom  of  the  iion  joists,  flat  boardt+i  which  answer  aa  a  centering,  and  then 
to  fill  up  the  spaces  between  the  joists  find  tic  rods,  to  a  depth  of  2^  or  3 
inches,  with  a  coar&e  grout  of  plaster  of  Paris.  This  hardens  almost 
immediately,  and  forms  n  ceilicg  ready  to  receive  tlie  fiuiahiiig  coat  of  fine 
plaster.  Tbe  upper  part  above  the  iron  joists  is  then  filled  up  with  hollow 
brick  or  small  cylinders  of  baked  clay  like  flowcr-pota ;  and  tlieae  beuag  agun 


Fig-  43»-6y«tcincTliua8ne. 
FBSKoa  i££rfiLon  op  cx>?!STHi;ctiKa  inoir  floohs. 
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form  an  excellent  boiiJ  to  ths  iron  joists*  Oa  tlia  top  qf  tUtiac! 
I  may  be  funned  the  floor,  of  tUca  or  coDcrete,  as  moat  convcment ;  or 
floor  iDflj'  be  introduced,  wbich  is  iVoqueutly  done  bj-  embedding 
lechers  al  tiie  rcqniixd  distamiea  to  receive  iLo  boarding, 
buasne  piibliahed,  a  jear  or  t^vo  jiince,  a  table  of  sizes  of  joists  and 
the  use  of  boUdera  and  tho  puUlic.  of  whicb.  Mr,  Burnell  gave 
vring  translation  in  a  paper  read  to  tite  KoyjJ  lustituto  of  Britiali 
tB  in  1834  1— 


Ft.  in 


Dejtthnf  D.'iith  6f  flfMsr  :W<?ight  porlron  work  IncbidinggTouting 
joist  in  '    coraplut©  in        Bqwro:    ippr  square,  (13*,)  per  sqtmru 
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ifl  no  limit  to  the  leugLli  of  rivetod  wroiightiron  bqams  wiUiiu 
Teu  one  Jmudred  feet :  but  with  irgu  juis(£  and  beiuiiB  fioin  the  rolla 

the  case  ia  diJlcreut»  tlie  limit 
Veitigj  with  our  present  ma- 
chuierj',  about  llaiLy  feet. 
Rooms  of  twenty-four  ruid 
twenty -six  fiict  have  beeu 
constructed  of  buoU  joists 
Avithout  naain  girders  i  but 
■when  tho  spun  exceeds 
twenty-six  or  thirty  feet,  it  is 
probably  sutei  to  usg  a  mnin 
ceutml  girder,  aiid  tUverge 
\vith  (he  ii'on  joista  on  eacli 
side ;  by  this  meanfj  the 
wei^^ht  ivill  ho  rpJiiced.  and 
the  Bpan  extended  up  to  forty 
or  fifty  feet,  in  ca:jea  ivhcrc 
the  nature  of  the  building 
reqtiirtia  thnt  widtli, 

Li    rcjTftvJ  to   these  con- 

Ftructiuna  it  nniy  be  nddcd* 

tliat  there  is  hardly  any  limit 

to  wliic'h  ivr*ii)g]it  iron  girders 

nii;t{ht  not  bo  carried;  but  it 

haa  been  nsccrtahied  tliat  the 

^«'  ^^«  lixtut    tif    ft    tubular    girder 

fAJO)  nfcnREn'-i  Ftttis-ruoop  floors,         hrid^'e  is  iwuw  fi^^t  spun,  as  it 

uliown   that  at  that  distance  tliO  wcij'ht  of  matorinl  coniwiiiPd 
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in  the  stnicture  biTaks  llio  girtler.  Id  dwelling-houses  flud  pulilic  bmlJ- 
ings»  fifty  to  eixty  fcut  iti  width  is  seldom  exceeded;  ond  m  such  casea  it 
is  tJie  Gofcftt  and  iliG  chctipast  ploD  to  Introdnca  mctm  tiil>ulAr  girdra^  tX 
twenty  or  ti^cnty-fgiir  feet  np*rt,  and  to  fill  Bp  lougitudiiially  with  roHfld 
irdTi  joists. 

ILis  system  of  applying  iron  to  the  constmotion  of  llie  floors  of  buildings, 
oppeDTB  to  }iave  "bofu  first  introducod  hy  Dt.  Heniy  Hanves  Fox^ wLo  applied 
it  to  n.  luunlic  agj'lum  in  Gloucestcrsliire,  in  l£^S!i-4;  and  in  the  year  ]H-i4 
he  look  out  a  pftlent  for  its  upplication  to  oUier  buildings  of  a  fiimilfu- 
chflincter.  It  is  not  staled  whether  Dr.  Fox  employed  caet  or  wronghtriron 
be&ius  in  the  Ciloiiccstersliire  asyUim.bnt  we  ppprehend  tlioy  were  cast  ircn 
But  bo  that  oa  it  may*  wrougbt-irou  bai'R,  for  tlie  joists  of  floors  covered  witli 
flagBjhave  been  used  in  dryiog-honeea  in  Lancaslure  for  tlip  last  fortj"  yeoj^; 
and  beama  ^ilh  Unngest  as  m  the  Fi'encU  system,  have  beea  employed  for 
the  deck  beams  of  shipe  fur  Die  last  twenty  to  twenty-fivo  3*ejirs.  It  is,  how 
ever,  from  tho  time  when  the  lengtliened  senes  of  citperitneuta  were  under- 
taken  to  determine  tlio  fonn  »nd  strength  of  the  tubular  bridges  whicii 
cross  the  river  Conv^ay  and  llio  Menai  Sti-aita.  tlmt  we  may  snicly  date  the 
introduction  of  wrought  iron  for  iluurs  and  public  buildings  u^^on  a  la^e  and 
extended  principle  of  construction. 

Figs,  41  to  iU  exliibit  the  French  systems  of  constmotion,  imd  Figs,  it 
to  47  are  sections  of  the  fire-proof  floors  introduced  into  England  by  McBsrfi. 
Pox  and  Barrett 

lion  Booft* — Tliese  constnictioisa  date  from  b.  recent  period  in  the  appH- 
cation  of  iron ;  eomc  few»  indeed,  'were  mado  before  the  close  of  tlio  last  o^- 

turj,  but  their  em* 
ployraent  was  very 
limited  provionsly 
tlte  introduetiou 
caat-iron  in  iho  co: 
fclraedon  of  Messrs. 
Phillips  and  X^ee's 
fire-proof  factory  at 
MftuchGstcr.  Xhiring 
the  rni>id  extension 
of  the  coKon  manu- 
fnuluro^  mo8t  of  the 
fire-proof  milla  were 
covered  witij  iron 
Hg. «.  roofs  of  the  form  re* 

presented  in  Fig.  4B-  This  description  of  roof,  vrith  ita  Berit»fi  of  ardK*^, 
was  very  convenient,  aa  it  i^nvc  a  epoeious  room  in  Ihe  attic  i^tory,  either 
for  mnchinety  or  for  otlicr  purposes.  iVrhops  Uie  only  drawback  to  its 
Groployment  was  tia  e^pcnisc,  which  amounted  to  about  the  Eajne  sum  ^  tlM 
cost  of  an  additionnl  Btoiy. 

Another  form  of  roof  was  introdnt ed  bv  WeeffTs.  Fnirhaini  ond  liilie.  of 
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Slaneliestcr^  in  l?:J3Tjand  has  been,  very  generally  adopted  sinca  that  time 
for  large  buildingSf  raUwaty-slatioiis,  oiid  other  stnicturea  where  the  span 
does  not  exceed  Hftj  feet.  It  is  a  simple  and  effective  roof,  cQmposed  of 
tmsfied  cftst-iroii  principals,  and  ii-on  rods  on  which  the  slates  are  laid  willi 
iroii  nails  or  pegs.  Of  recent  jears,  and  since  tlie  intrfKluction  of  raiiwajs, 
the  cast-iron  Ua.s  given  place  to  wronght-iron  of  tlie  T  fann ;  and  conaideiTDg 
tlic  fiieilities  with  which  tliia  mELterial  can  be  obtained  from  the  roUs,  it  ia 
probably  one  of  the  Eimpkst  and  uiost  effecu\'o  roofs  tliat  con.  be  made.    In 

Fig.  4U,  a  a  ia  tho 
'Y  hon.  princi- 
pal; oc,wrgught- 
irou  lie-irodB  fixed 
upon  the  princi- 
pal by  fihoca  at 
eitlier  end,  and 
eupportiug  tho 
roof  by  raoaus  of 
the  cast-iron  iitrut 


m 


Fig,  49. 

ft ;  Uie  tie-rod  d  holds  Uic  roof  in  plaee  by  rcsiatiiig  iU  tendency  to  forca  tho 
v&lla  ontwards. 

liaois  of  wider  epaa  are  of  greater  coinplesdty,  aud  require  to  be  caro- 
fallj  conBtructed,  in  order  to  give  tijc  necessary  rigidity  and  r^tentiveucsa  of 
form.  Every  pair  of  principals  composjug  auch  struetiires  Eboold  be  aelf* 
Bupportiiig^tliat  is,  should  liavo  suflicicnt  Btitfnesa  witliin  itself  to  suataiit  a 
load  of  40  lbs,  to  every  square  foot  of  roof,  Tvitbout  yielding  to  pressure  or 
causing  any  thrust  upon  the  side  walls  of  the  building.  We  have  always 
idund  thia  t«st  to  allow  a  safe  margin ;  and  In  our  opinion  every  roof,  or  ratlier 
a  pair  or  two  pairs  of  principals,  in  now  constructions,  shoald  be  tested  up  to 
that  standard.  Two  CKamploa  i^'ill  be  su6R.cient  to  explain  the  principles  of 
constmction,  and  to  show  the  systcni  generally  adopted  in  this  load  of  roof. 

Fig,  DO  is  a  section  of  tliQ  iron  roof  over  the  Lime  street  Statiou^  Livcr- 


puul,  coiuitracted  by  Mr.  Richard  Turner,  of  the  HaouuerBmith  Iron  works, 
Dublin.    Extreme  length,  S74  feet ;  and  breadth,  1&3  feet  A  iuclies. 
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Tho  rouf  couHisU  of  a  Beiies  of  soguicat&l  priudpitU  or  gmLer$,  fixed  $X 
intcrvnlEt  at  Si  fuot  0  inches  {rom  centre  ta  centre.  Those  principolB  ar« 
tnii^^ed  TcrtlcnUj  tij  radinti:]^  strtita,  mnde  ta  act  by  stmiiiuig  the  tie-roda 
and  dldgonnl  braces ;  tlie}"-  are  trtissed  iFitemUj  bj  purlins,  placcMl  over  lij» 
riullating  slruts  iiud  intomiediatclj  bcti^ecn  them;  also  by  diagouaj  biuciiig, 
extending  frum  Uiu  bottoDi  of  t)io  radiating  Btrute  to  tlie  lop  of  tUc  cor 
responding  ones  in  the  ndjoiiiing  principalB* 

Etteh  i>rincJiiftl  is  coniiniKLd  of  a  -mxiuglit  iron  d&olc-beiun,  nino  Inches  in 
depth,  witli  n  iiJuto  ten  inches  vride  and  it  quttrter  of  an  inch  thich,  riTeled 
upon  tlio  tup.  Tiiia  cun'ed  rib  ia  formed  of  seven  piGCCS.  coiiuccted  nilh 
each  other  at  the  points  where  tJio  radiatiiig  struts  arc  attached  by  meoAS  ol 
plates  riveted  on  lioth  tiidcB.  Thur«  are  six  radiating  struts  in  each  rib. 
varyirg  iii  length  from  six  to  tw*?lvc  feet;  thcj'  arc  seven  inches  in  deplli*  and 
arc  ntlnchcd  to  tlio  tic  rods  by  ^^TDUght-iron  liuk  plates.  The  secttoual  oxca 
of  tho  tic  rods  ia  04  inches. 

The  difigonnl  braces  hold  tiie  Etntta  tigbt  up  against  the  principal,  and 
n-gaist  the  tie  rods  iii  giving  the  required  rigiditj'  to  tlic  principals  ;  Ihey  oxc 
formed  of  I'otiiut  iron  l^  iiieh  in  dimneter.  The  ends  of  the  principals  art 
fixed  in  chairs  of  cn^t  iron  ;  those  nn  one  aide  resting  upon  a  solid  plate,  and 
tlio  others  upon  rollers,  ^vliieli  liiive  Ibc  power  of  Ij'aversiiig  a  sjtacc  of  thite 
inches,  also  upon  a  mctul  plftte,  so  as  to  admit  of  any  expauRion  or  contrac 
tioB  of  the  rib,  Uiongh  np  to  the  present  time  no  motion  has  been  observed. 
The  roof  is  covered  with  galvtuii/ed  corrugated  ^^TOUght-ilon  plates,  and  iivilli 
rongb  plato-filass. 

Tbc  total  cost  of  this  Toof  was  about  .£l5,000p  and  tho  time  occupied  in 
its  erection  ivna  about  ten  montba. 

The  superiority  of  a  roof  of  tbia  kind  oyer  tlie  ordinary  slated  roofa  in 
small  spnns  is  at  onec  Evident;  not  only  is  the  spneo  occupied  by  tlie  inter- 
mediate  coluians  or  supports  saved,  mid  every  obstruction  to  the  use  of 
sidinj^  removed*  but  tlie  iron  roof  is  much  moro  durable,  and  is  not  grubjecl 
to  decay  to  tlie  same  extent  as  those  composed  of  wood. 


Fig.  ai  is  a  secUon  of  ouo  of  the  larger  spans  of  the  new  Smithfield 
Mftrket,  Manchester.  The  sjiaeG  to  be  covered  by  this  roof  is  440  feet  kmg  by 
241  feet  wide,  It  is  compuscd  principally  of  TiTOught-iron,  and  con&ists  of 
two  central  spans  of  My  feet  eiieh.    The  whole  is  supported  by  cast-iron 
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gHllET  girdura,  of  &a  average  Ititigth  of  twentj-tliree  feet  eiicb,  resting  on 
enltiinns  ntoTit  tweuty-fiva  fL'ck  hi|i;h.  At  tlie  apex  of  each  roijf  ia  n  s](jlig:ht 
fifteen  feet  "tvide  on.  each  side  of  tba  ridge,  nmning  tlie  whole  length,  of 
the  market,  and  supported  oil  Louvre  fTtuning*  by  whicii  ampJe  rentilatioa 
is  secured-     The  totiil  area  of  glass  is  npwai'ds  of  tiU,000  squnro  feet. 

Wts  mi^ijlit  introduca  Iho  spleudi^l  uew  I'oofa  over  the  stations  at  Birming' 
ham  aud  I'addin^n — tlie  first  by  Meaars.  Fox^  Henderson,  &  Co.,  the  latter 
&om  designs  by  Mr,  BruiiL-l;  but  as  tlieso  are  fjtmiliar  to  travellera, 
HTcliitectST  and  buiidcrs,  it  will  not  be  necessary  to  describe  them  here.  We 
ittay,  howox'cr,  noticej  that  h\  Franco  some  beautiful  roofa  have  been  con- 
atmcted  of  wrought-iroa ;  that  ovar  tlie  Paria  and  Veraaillea  railwfty-station 
is  composed  entirely  of  nveted  plates  and  angle  ii'on:  others  ai-c  also  in  use 
fiimilar  to  tliosD  conatructud  in  tliis  coxintry.  All  tlicso  structureg  are  to  be 
seen  ;  and  we  recommend  them  to  the  patient  csiaminatioa  of  the  meehanical 
rtaJeut  as  substantial  lessona  in  practical  science. 

Iran  BnildingAi — Before  leaving  the  subject  of  the  appUcadon  of  iron, 
vr^  would  refer  ta  tlie  ranDufaoture  of  houses,  churches^  &c.,  entirtsly  of  iron, 
wLich  has  nsaumod  an  important  place  in  iron  application  of  late  years.  Tlie 
difficulty  of  obtaining  buUdiu^  materials,  and  tlie  high  price  of  labour  in 
Australia  and  other  ctilonial  saLtLvmeuts,  lias  created  a  demand  for  construe- 
tions  of  this  kind,  lylueh,  bein^  prepar«<l  in  England,  may  be  taken  out  and 
put  tip  in  a  sliort  time,  and  without  much  labour.  The  bulk  and  TToight  of 
wooden  constructions  littTO  rendered  them  to  some  extent  uuavaikble  in  ibis 
revpoct;  and  hcuce  recourse  hoB  been  had  to  iron,  which  hoa  auawered  the 
parpO^  ndmitnbly.  both  aa  regards  durability  and  fiecuri^  horn  fire. 

One  of  the  eiirliest  ailempts  to  employ  iron  in  tliia  way  was  mado  by 
Mr.  Pftirbidni  in  l^i.1tl.  when  he  constructed  an  iron  coni-millfor  the  Seraa- 
ld«r,  Halil  Paaha.  Commander-in-Chief  to  the  Sublime  Porte,  The  walls 
were  of  platca  of  sheet-iron  of  BUttablc  thickness,  consolidated  and  bound 
together  by  cast-iron  columns  and  by  strong  caetiron  girdeni.  It  is  sur- 
monnted  by  va  arched  roof,  formed  of  plated  of  corrugated  sheet  iron ;  and 
forms  probibly  one  of  the  finest  and  most  perfect  iron  constructiouB  executed 
in  this  country.  The  interior  wag  iutended  to  be  hned  witli  wire-gauze,  and 
plastered  io  aa  to  leave  a  stratnm  of  ail'  between  the  interior  plaster  and  the 
extemal  plates.  This  building  woa  er^ctod  at  Ootistantmople^  and  13  now 
occupied  as  a  floor  milk 

Fig.  (rZ  is  a  soctional  elevation  of  an  iron  custom-house,  conatructod  by 
HoBam.  E*  T.  BeUlnjusa  k  Co.,  of  filftuchcster,  and  will  serve  to  show  to  what 
extent  iron  may  bo  applied  in  conatnictions  of  tliia  kind.  This  custom-houso 
was  intended  for  the  town  of  Payta.  in  Peru :  and,  together  with  a  laiToje  iron 
warehotiBe,  was  crect^^d  in  Messrs.  BoUhousc's  yordi  &nd  then  taken  to 
pieeoa  in  scotions  and  trausraitted  to  its  destination. 

It  consists  of  a  square  block  seventy  feet  each  way,  of  two  lofty  storiea, 
muTOunded  by  a  balcony  at  the  second  floor  level  and  an  ornamental  verauda, 
each  pmjectinj^  two  yards  from  Uie  face  of  the  building'.  The  roof  incUnei 
apwiLrda  fmm  each  side,  mcettng  at  a  a(iuare  platform  C  twenty-three  feet 
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across,  ELnd  above  which  rises  a  clrculfu*  tower,  B,  aevent^eu  {a^t  high  &i 
teen  (vet  m  diameter,  which  ia  surmoimied  by  an  upper  circular  tow«r»  I 
flag-ataff.    The  external  fih«U  consi&ta  of  strong  castiroa  pikgteift  and 
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pieces  of  wrought  ongle-iroiif  to  wliicli  are  bolted  the  galvanked  corm 
sheets  No,  16  wire- gauge.  The  whole  of  the  sides  and  ceilings  &f  the  Vi 
rooms  and  poasages  are  lined  willi  boordingp  upon  which  Croggon'a  j 
inodorous  felt  lb  nailed,  which  will  he  papered  with  common  lining  ] 
and  fuuahed  with  coloured  paper-hangings.  Windows  opening  In  the  m 
of  French  cftsementa  afford  hgUt  to  the  rooms. 

Fig.  &3  represents  ^  cross  section,  and  Tig.  04  a  side  Tiew  of  tho 
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bar  of  angle-irou  A  aud  tinibur  battun  B,  to  which  arc  attaohotl  the  gal- 
vanized corrugated  sheets  C  on  the  outsidOi  and  tho  liuing-boards  D  on  the 
iniide. 

In  closing  these  remarks,  it  is  evident  that  there  is  yet  much  to  be  done 
on  the  part  of  the  architect  and  engineer  in  the  appliance  of  iron  to 
the  construction  of  buildings ;  and  it  is 
much  to  be  regretted  that,  notwith- 
standing the  extent  of  the  iron  mauu- 
fiicture  of  this  country,  and  the  com- 
parative  cheapness  of  production,  we 
should  be  behind  our  continental  neigh- 
bours in  its  application  to  buildings  and 
dweUing-honses. 

With  all  our  boasted  skill  and  our  immense  production,  we  have  never 
been  able  to  roll  iron  beams  nor  apply  them  to  the  same  extent  as  the 
IVencb ;  and  our  architects  have  almost  totally  neglected  the  application  of 
this  important  and  highly  useful  material.  Whether  tlxia  omission  arises 
from  prejudice  or  ignorance,  or  from  both,  we  are  unable  to  determine;  but 
such  has  been  the  apathy  or  want  of  foresight  of  this  class  of  men,  that  they 
have  allowed  others  of  more  humble  pretensions  to  go  before  them.  There 
is  now  open  for  somo  young  and  active  aspirant  a  now  and  a  wide  field  of 
action  in  construction  as  well  as  design ;  and  it  only  requires  a  man  of  taste 
and  original  thought  to  strike  out  for  himself  a  perfectly  new  style  of  archi- 
tecture, founded  on  a  more  accurate  knowledge  of  the  properties  of  iron  and 
its  appliance  to  the  wants  of  his  profession. 


Fig.M. 


CHAPTER  XXn. 

OM  TXXX   APPLICATIOM  OJT  CAST  AND   WBOUOHT-IHON  TO   RAILWAYS, 
BBIDGES,   &0. 

Tax  oonsumption  of  iron  for  railway  purposes  and  for  bridges  has  been  so 
enormous  sinco  1630,  as  to  be  sufficient  in  itself  to  mark  the  commencement 
of  %  new  era  in  the  history  of  its  application.  At  no  former  period  in  tho 
history  of  nations  did  changes  of  such  magnitude  ever  take  place ;  and 
considering  the  thousands  of  miles  of  railway  which  have  since  been  con- 
structed, at  home  and  abroad,  including  the  immense  amoimt  of  rolling 
stook,— -And  moreover  when  we  consider  that  iron  shipbuilding  commenced 
aboat  the  same  period^t  will  be  evident  that  the  impetus  given  to  the  iron 
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manufacture  of  ihta  <!ouiitjy  Ims  been  unparalleled  in  its  extent  iu  the  history 
of  any  other  mniiufRcturc*  that  of  cotton  probably  aloue  exceptecL 

In  railway  constructioust  iion  is  cmpluycd  flJmost  totlie  exclusion  of  everj 
oih^r  material.  The  rails,  cIinirB,  and  macliinery,  are  almost  entirely  of  iron ; 
and  even  tlie  carndgeSt  wnggons,  ftiid  otJier  appliaticeSt  ftiti*  i»  mjiiij  cases,  of 
the  same  uiatoriuL  The  wheels,  tyres,  springs,  and  drawbars*  ore  all  of  iMs 
material ;  and  evisu  the  coveringa  of  many  of  the  cai-riages  and  Tra^rgons  ara 
composed  of  iron  frames  and  jdat^'S, 

The  forms  of  the  ruils,  cliairw*  and  the  wheels  which  ran  upon  them,  are 
so  wcll-knoTiTi  fis  acnrcely  to  require  a  desciiption,  Tlio  rjiils,  howoTcr* 
vary  ;  mid  we  shall  tbcrefare  give  n  brief  fikek^h  of  their  npiilication.     Iu  the 

cnrlicrst    fli^cs 
r     ___^  "         ^^      }  of raiLioad con- 

fitruction.    tho 

hues  laid  down 
f^om  tho  conieries  at  Newcastlo  oii-T\"ne  to  the 
river  wcro  (iu  the  reigii  of  Charlos  11.)  cum- 
poaed  of  lonj^tudmol  pieces  of  woikI  hud  on  | 
tnttiHi  erao  alc^Iierg.  Tliese  continued  for  many 
years  witliout  change,  excepting  only  ocetv- 
eaonnl  repaii-s  of  tliin  ii-on  bars  nailed  on  Ibe 
surface  of  the  wooden  mila.  About  the  year 
I  HOT,  the  iatrodnction  of  iron  waa  first  tit* 
tempted,  the  mils  tttcn  used  being  made  of 
cast-iron  three  feet  lotig,  and  of  the  fish-bcUied 
form,  sliown  in  Fig.  5ft.  These  subsequently  gave  place  to  tlic  malleable- 
iron  rail — still  fish  bellied— until  at  last  it  was  found  more  desirable  to  have 
the  parallel  rail  witli  top  and  bottom  flanfje,  as  shown  in  the  accompanying 
diagrams,  Figs.  fiG,  r^7,  and  r>3,  in  which  it  is  seen  as  it  appears  when  fix&d 
in  its  chair,  faatened  down  Lj-  pina  or  trenails  to  a,  tronsvergc  sleeper  em- 
bedded in  tlie  balliLst  of  the  roadway,    Aa  £fc  ^nb^tituto  for  tilt's  mil,  otlier 
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forms  have  subBequontly  been  used  ;  each,  for  instance,  as  the  boT-rftil,  Fig. 
51\  which  lies  direct  upon  &  longitudinal  sleeper  throughout  its  whole  len^, 
and  the  InrjTa  tronrjlj,  or  saildlc^back  rail,  whirh  h  somewhat  similar  to  Fig. 
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(,l>ut  with  tlangos  sprenil  out,  so  as  to  ivst  upon  tliy  yriivel,  ivitliout  sleepei-e, 
lubing  only  tie  rods  ojid  wooden  fmrnea  about  evci-y  six  feet  to  keep  it  in 
gntige,  Tlie  wheels  of  lacomotivc  engines,  cnmftpfcs^  and  wagons,  nro  all  of 
iron,  Tvith  mallealilo  iron  tjreB,  wlacli  Ititlpr  never  vary  tbyir 
SMtionol  fonn,  ivhatever  mny  be  tlio  diameter  of  tlic  wlieel  or 
the  DAtiii^  of  tlie  lonvl  they  linve  to  bear. 

The  ne^t  stnictnres  to  ivhieh  iron  is  op|ilie<i  upon  a  Inr^*) 
acflte  nre  bridges;  antl  tlie  employuieut  of  tliese  ia  nut  coDllucd 
lo  railirays,  but  is  extcudt^d  to  aU  c^es  i^liers  tvid^  valluya 
and  rivers  hnve  to  be  crossed. 

Iron  Birfdgee. — Iron  briflges  are  of  recent  origin ;  and  nlOiOtigb  the 
pOTcers  of  resistance,  rigidity,  aoid  other  properties  of  this  materinl,  liavo 
b^en  known  from  an  early  period,  its  uses  for  many  centuries  troro  limited 
to  iustrmnent-s  of  war  nnd  purposes  of  »gncuUiire,  by  the  ttfHeTilty  v.-ith 
which  it  was  ivorked,  and  the  cost  at  whicli  it  was  produced.  But  ns  civil 
i^ation  e/lvftrifL-d,  and  tiic  useful  and  iudustrifiZ  arts  increafjyd,  the  niftiiufac- 
ture  of  itvn  fr>.iiu  the  ores  becume  a  matter  of  detp  unporttiiire ;  and  benco 
foliov.ed  iniprovenicnt*?  iji  tlie  manufactnriiig  processes,  winch  eheajicned  the 
production,  while  the  ikmfljid  fur  it  wns  j^eiUly  ijicreased  by  its  application 
to  purpwies  for  wliich  it  liiid  been  supposed  it  eonld  never  bo  employed. 
Auionf»sl  (hese  wore  bridges  ;  and  the  tirst  su<:cessful  application  of  iron  to 
tltcse  cnnstnictions  was  the  cast-iron  arch  ncross  tlio  ISoverii  at  Colebrook- 
dftle*  ert-eted  in  1770.  It  ia  stated  that  attenjpts  ^I'ere  ninde  in  Italy  and  in 
Fnmce  at  an  earlier  period  to  construct  cust  iron  bridges,  but  they  vietQ 
never  erected;  and  their  introduction  properly  belongs,  therefore,  to  Mr. 
PiitcJiard^  tlio  designer,  and  to   Messrs.  Darby  und   ReynoldSr  the   con^ 
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etraeioFV,  otHie  ColebrookdaJo  Bridge.  Fig.  ElO  is  an  elevfltion  of  tliia  bridge, 
which  eon&ists  of  five  riba  of  100  feet  span  each,  consulting  of  thi-eo  cont^on- 
tiic  nngv  of  caatiron,  ono  only  being  entire.  Tliis  is  douhUesa  a  dcfectiro 
conatruction ;  bnl  considering  the  imperfect  state  of  onr  knowledge  at  the 
tinriQ,  it  is  probably  as  perfect  &s  could  reasonably  have  been  expected*  as  a 
lirel  casftT  in  iron  congtrnotion  on  bo  large  a  scale. 

The  next  caat  iri^n  hrid;To  was  one  of  ISO  fcflt  span^  erected  by  Telford 
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over  the  Scvexnt  ^esx 
Shrewfibuiy,  in  17ii&; 
aud  aaou  after  the  VTear^ 
iiioutii  Bridge^  {rota  ih& 
ile9igns  of  Mr.  Tliomna 
Wilson,  y^aa  construct- 
ed over  the  Wear  in 
17U(>,  This  Gxtraor- 
dinary  bridge  ijs  remftrk- 
abk  alik^  for  the  leiigtU 
of  Uis  spftn  (230  feet)* 
the  boldness  witli  which 
it  was  conceived,  and 
tJio  rapidity  with  ivhicli 
it  was  couatrocted. 
Messrs.  Walker,  of 
Ikhtherltam,  wero  tlie 
contractors;  aud  whe- 
ther W8  consider  tho 
Tastue&s  of  the  expcri- 
ment,  or  the  airy  light- 
ness of  the  BtructuTo,  at 
a  height  of  100  feet  abot^Q  tho  river,  we  must  at  once  Ddjuit 
thai  it  iHy  Tip  to  this  penod,  one  of  the  largest  and  most  suc- 
cessful devtlopments  of  irou  coustnictiou.  The  bridge  coo- 
&i&t&  of  six  ribs  of  444  feet  radius,  pkced  at  dtstAnoes  of  mx 
feet  apart,  and  having  a  insc  or  versud  sine  of  Ihirty-four  feet. 
Each  lib  cousisU  of  105  segiueutol  coatinga ;  thej  ore  formed 
into  panels  by  radial  bars^  which  form  rouseou's,  105  of  which,  united  hy 
wrought-iron  Arcs,  fitted  in  grooves  and  secured  in  bolts,  form  a  rib,  ThA 
BpEindrila  are  tilled  np  with  cast-iron  circles,  supporting  the  roadway,  trliich. 
pivo  a  degree  of  airy  lightness  to  tJie  conslmctiun  that  borders  on  insecurity. 
It  has,  nevertheless,  stood  the  test  of  more  than  hoK  a  csulury :  hut  at  prv- 
seat,  we  bellevCp  it  is  under  consideration  to  have  it  atrenfjlhened  or  replaced 
by  a  wider  and  more  substantial  structure, 

Immedifttely  after  tlie  conBtmction  of  the  Wcarnioutli  Bridge,  serenil 
oUier  similar  constructions  followed ;  and  in  1801  Mi\  Teifoid  sent  in  designs 
for  n  cast  iron  bridge  of  aix  Imtuhrdfcct  sjkth,  and  witli  n  rise  of  si>;ty4ive  feet 
above  high-water,  intended  i*i  replace  one  of  tlic  London  briijges.  Thi*  splen- 
did aru'li  acrut^ti  tlie  Thames  was  commenced,  but  was  afterwards  abauduued. 
In  l^h>*  Uie  bite  Mr.  John  Bannie  erected  tlto  Southwark  cast-iron  bridge* 
which,  for  arcbitecturaJ  cfiect  and  colossal  proportions,  stands  uurixniled  m 
the  history  of  caet  iron  bridges.  For  fiimpUcity  in  confitraction,  extent  of 
span,  and  tbo  durable  character  of  tlie  structure,  as  a  ii\hole  it  has  no  coox- 
petitor,  even  at  the  pre^jent  day,  among  tlie  numerous  bridges  of  Uiis  descrip- 
tion whicli  have  been  creeled  fiince  tliat  time. 
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One  of  the  must  beauHfuI  af  this  de^crijjilioii  of  britlgca  coustructcd  in 
tliifl  eoimtry  is  that  of  TcTvltesbniy,  designed  by  Telford,  It  ia  of  HO  feet 
«p&n,  and  consists  of  six  ribs,  and  spaudhls  of  light  diagonoJ  Tvork,  It  has  a 
rise  of  seventeen  feet. 

Ffg.  01*  rcpresGnla  two  ont  of  the  tliren  arches  of  a  be&utiful  bridge 
erected  over  tbo  Tryiit,  Each  urch  is  of  !00  feet  sptLn  and  10  feet  rise ;  every 
rib,  tojjether  vvith  the  roadway  bewer  and  its  siij^porta,  ^^ns  made  complete 


in  three  Binglo  costings  by  tho  Butterley  Company,  Tlie  total  weight  of 
east-Iron  in  this  bridge  is  2H0  tons,  and  of  wronght-iron  0  tons ;  the  roadway 
is  of  timber*  and  carries  a  railv^'ay, 

CA4t-I>dn  Qizdex  BxiAges. — Other  bridges  heddcB  those  of  the  cast- 
iron  areli  have  heen  introduced,  chiefly  for  small  spans ;  and  these  are  called 
beam  or  cast-iron  girder  bridgea-  Tlii,  j  have  been  in  great  demand  for  rail- 
iraja  where  llie  span  does  not  exceed  forty  or  fifty  feet,  and  tliey  arc  also 
used  for  common  roads  crossing  canals,  Ac;  but  in  spans  above  fifty  feet 
they  cannot  be  depended  npon^  unlesB  formed  in  parts  and  jointed  together 
Kfith  bolta.  The  beat  form  in  tlie  larger  Bpana  is  the  flat  arch,  with  n  versed 
ainy  of  about  V^tli  the  depth  of  the  chord.  This  description  of  beam  partakes 
of  the  properties  of  tlie  beam  as  well  as  the  nrch  r  unlllie  fiome,  it  does  not 
entirtjly  depend  upon  vonaBoirB  as  au  arch  of  equilibrinm ,  beinjf  paj^Uy  retained 
in  form  by  the  unyielding  natnre  of  the  abutments  resisting  tho  thrust  of  tlie 
weight;  and  hrom  its  connection  ftt  the  joiuta  by  holts,  it  becomes  a  beam 
with  n  large  comber,  sxtpportlng  the  load  by  Us  resistance  to  compresaion 
and  extension. 

Bowstring  britlgos,  having  the  roadway  awspended  from  strong  cast-iron 
arches,  have  also  been  introduced  ;  but  as  these  bridges  are  e^cpensive,  and 
as  nil  combinatioaa  of  a  rigid  ivith  a  ductile  material  are  object]Otiable»^  it 
will  not  be  necesaary  to  enhirgc  on  their  constructionj  and  the  eame  may  b© 
aaid  of  bridges  with  trussed  raBth'on  girtlers. 

Chain  and  Wlie  Biidgea. — Bridfjoa  upon  the  principle  of  suBpension 
nro  of  ancient  ori^^nD.  and  iippeur  to  Imvo  been  used  from  on  early  date  in 
Cltinn.  and  among  tlio  Peruvians :  they  wcro  composed  of  ropes,  on  which 
tJie  roadway,  consisting  of  logs  uf  trees  laid  traiisvci'sdy*  wsa  placed;  hut 
they  were  of  primitive  construction^  and  being  composed  of  perishable 
znfttcriala,  were  never  used  where  a  more  durable  structure  could  be  erected. 
Their  introduction  into  Europe  is  due  to  the  use  of  iron ;  and  the  first  auspen- 

•  ScB  rxpnimmlf  on  the  rruMed  eajst-lron  itrdrns  pngr  417,  et  ic^x. 
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Hiuti  bridge  Uiiis  coiistniototl  was  (Jirovvu  ncross  the  river  Tweed  uesx  Mel- 
rose. Autjtli<>r  sug|.icii^]0]i  bd(]p;«,  caiu[w3ed  uf  chains  uiddesigoed  by  Caplatn 
Uroni]^  ^pnns  tlic  Tweed  ti  littiti  abovg  Bi;r\vick  After  tliia  tlie  ^e-n  haven 
Bud  IBrif^liton  clioin-pie rs  wcy«  erected^  and  uldmat^lj)'  the  eolt>ss&l  strncturea 
of  tlic  CuQWfty  Olid  M<:'nui  Strnits.  Soiue  b^i^utiful  bridges  of  tliis  dcecxipiiuu 
have  nlso  been  built  by  the  Inti?  Mr.  Tieniey  Clsrk ;  one  ni  Hnmmer&naitlif 
and  luiotlier  crossing  tliQ  D&iiube  at  IVsth.  Wire  bridg^es  have  also  been 
eoustnictcJ  in  Uiiti  cyuiilrj',  bul  only  to  a  liiuitcd  e3Lk*nt ;  thijj-  lue,  however, 
MUcU  ill  demand  in  lanwy  j\ails  of  Fmnire  And  Germany,  mid  wo  rofty 
instuice  tliose  over  the  Khoiie,  and  the  Light  and  clc^rant  strticlm-o  cfwTO 
feet  sjinii  Rt  the  tovrn  of  Freil>urg,  in  Switzerland.  Most  of  lliose  hrid^^ts 
ar&  compoMd  of  wir«  Ixmnd  into  ro|>ee«iid  eahUn  of  sti«ngtli  proportioii«d  ta 
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the  extent  of  the  apiui  and  tiie  load  Uiey  are  intended  to  beflf.  As  all  these 
bridges  are  on  the  principle  of  tlie  catenary,  whether  fomied  of  wire  or  of 
chains,  it  vriU  ho  EuiUcient  to  take  cue  ui  tno  of  the  best  as  exampleK  of  tha 
whole. 

Fig.  IM  reprCBenta  tlie  Freiburg  suspension  bridge  over  the  valley  of  tb« 
Sarino,  of  the  enormous  i5pan  of  870  feet,  <uid  107  feet  above  the  lerd  of  thd 
river ;  and  for  holdneea  of  conception  and  beauty  of  execution»  it  ifl  a  model 
of  its  closa. 

The  bridge  is  eomposcd  of  four  main  cables^  two  on  each  aide  of  the  road- 
way ;  each  of  these  ia  composed  of  tiveut3'  stranda,  ivhich  were  mado  and 
raised  to  their  pliicc  separately,  on  acconnt  of  the  difficulty  of  raising  so 
groat  a  iveight  entire.  These  strnndg  arc  composed  of  wipe  about  one-tenth 
of  an  inch  tliick,  bxid  pa-rnUel  and  Biibjected  to  a  testing  strain  of  220  lbs, 
eaclip  and  then  hound  together  by  inro  at  every  three  or  four  feet*  and  coaled 
vnth  a  mixture  of  oil,  htharj^c,  and  soot,  to  prevent  their  rusting.  Kacii 
cahjc  consiatB  of  twelvo  strands  of  fifty-eix  i^ireB  each,  and  eigbt  of  forty- 
eight  wires  eoeh,  bound  up  into  a  cjlindrienl  form  by  ^vire  tkt  every  second 
foot:  and  when  complete  was  five  and  ahulf  inohe&  In  diameter,  and  122$ 
feet  long. 

The  piers  on  either  side  are  fotrnded  on  tlie  splid  rock,  and  hse  alxty-^ 
foot  above  Uio  level  of  the  road-  They  present  to  tbo  pOBSenger  an  arched, 
opening  forty-tlirec  feet  hif];h,  each  of  tlie  sides  hearing  three  pHiutera  and  an 
entabkttire  gracefully  arranged  as  a  Doric  portico.    In  the  upper  part  of  the 
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piers  is  placcii  tke  apparatus  for  reeeiviiig^  Lhecabk's;  it  cohslbCs  cf  three 
wUers,  ^ving  as  niftoy  poijits  of  support  to  the  ciibles,  -wiiicli  are  allowed  to 
qmail  out  aud  form  a  band  at  thcsG  pomte.  Ev^ory  facility  is  afforded  by 
UtOiO  friction  rollers  for  slight  movements  of  tho  cables,  in  coitscquence  of 
eliaogiDg  tempcraUiro  or  simiJarly  &ctitig  o^cnts ;  wJiilo  by  their  dispoaitioii 
Ihe  cables  ore  not  damaged  by  snddisii  bends. 

£qy«id  the  piers,  eloping  galkriea  ore  cut,  at  Um  bottom  of  which  are 
f6ar  thefts,  ^milr  to  a  depth  of  fifty-two  f^ct.  In  tlie^c  mnsonTy  is  £tt4!:d  to 
sapport  the  cables,  wliich  are  carried  doToi  to  the  bottom  and  tliere  secured. 

Whcu  the  cables  had  been  roiEod  to  their  position,  and  tho  strnuds  on 
etch  ffide  botuid  into  two  cables  by  iron  ^vi^l^ 
tbo  mspeoston  cords,  as  &hown  in  Fig.  tJ3,  n-cro 
fixed  by  Baddies,  e,  embrneing  the  cables.  At 
tiio  bottom  a  stirrup  and  hooklonp  6Uppurt.s  tho 
CTDSS-beiunSi  over  :rhieh  aie  tlic  longiLudinal 
plftnldcg^  kc.  The  etispenaion  cords  consi^st  of 
thirty  wires,  and  ate  one  inch  in  diftiueter. 
The  \ridth  of  the  roadway  i^  twetity-ono  foct ; 
the  deflection  of  the  toain  cables  sixty  three  and 
a  qtiartf^r  feet;  weight  of  tho  hiiJge,  '^iiH  tons  ; 

Another  bridge  of  colossal  dimensione  bus 
htea.  erected  over  the  Niagara  river  below  the 
Kallfi.  It  carries  the  railroarl  wliich  coimccts 
Canada  with  the  fitato  of  New  York,  and  is  com- 
]bOied,  like  Hio  Freiburg  bridge,  of  four  wii'o 
eaMes,  each  Un  inohos  in  diameter  Eiud  com- 
posed of  3040  wires.  From  the  mt spending 
quality  of  the  wire,  it  is  caJcuMod  to  bear  up- 
wards of  1 20.000  ]b3,  per  square  inch.  It  in  of 
S31  feet  EpaD  and  24b  feet  above  the  liver,  and 
has  been  iu  operation  for  nearly  three  years. 

It  waa  our  intention  to  have  given  a.  drawing  of  one  of  the  most  importjint 
andcoIoaAal  chain  bridges  that  has  jct  been  executed,  namely,  the  Menai  Su£i* 
pension  Bridge,  designed  and  executed  by  the  late  Mr.  Telford ;  but  wo  have 
already  exceeded  our  limits,  and  must  content  oiireelvcs  with  a  brief  notice 
of  this  important  Rtmeture,  rather  thun  a  description  cnlctilalcd  to  do  jus- 
tice to  a  worlt  that  canuot  be  loolted  npow  iii  any  olher  light  tbaii  as  a  great 
natiounl  undertaking.  Suflice  it,  iliereforo,  to  observtj  tliat  the  Menai  Suspen- 
Bion  Bridge  wuh  Uie  first  stnicttrre  of  the  land  to  iiniie  tlie  Isdiuid  of  Anglesey 
with  the  mainliutd.  at  a  narrow'  point  of  the  Straits  a,  httlo  above  the  old 
Bangor  ferry.  l£  is  3B0  feet  Bpan,  and  100  feet  above  tlie  tide  way  ^  and  tlie 
towoftt,  oompoaed  of  Anglesey  marble,  approach  close  to  tlie  edgi^s  (if  Uie  rock 
on  ftnoh  mde,  so  as  not  to  impede  or  in  u^ij'  way  injure  the  navigation  of  the 
Straits. 

For  symmotrical  ftppefiranoe,  and  duo  proportion  of  the  part«,  this  sperl- 
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meiu  of  the  calenary  principle  is  one  of  ttie  best  and  most  efibodve  Blmfetcfos 
tiiat  hfta  yet  been  completed  in  tliis  or  niiy  other  country. 

In  tlio  manufachire  of  Uie  chiiins,  a  great  improvement  has  been  effects 
EMice  tlie  completion  of  Mr.  Telford's  bridge  across  Ujq  Menai  Straits.  The 
bars  or  plates  -which  form  UiG  linlca  were  in  pRst  time  forged  into  sliHpeat 
tbo  ends  for  borjngr  to  receive  the  linli  pin,  and  were  then  welded  together 
to  tho  proper  distance;  but  as  these  wcIJa  were  BometimeB  imperfect,  and 
&3  the  security  of  tlic  bridge  ibupeiided  upon  Lbe  soimdness  of  every  hnk,  it  wu 
reserved  for  Mr*  Ticmey  Clark,  and  Measra,  Howard  and  RavcnhiU,  Ber- 
mondscy,  London,  to  obviate  this  defect  by  an  ingeniona  adaptation  ol 
machinery  for  rolling  the  links  to  tlie  required  shape  and  IcngUi,  at  arte 
and  the  flame  pfocesa.  This  method  of  constntction  removed  aU  objeciiora, 
and  insiured  perfect  safet}-.  in  so  far  aa  regards  the  BotindnGsa  of  the  mftt<iri*l. 
Fig.  61  ifl  a  representation  of  one  of  these  links,  genemlly  about  six  feet  long, 
five   or  fiix   inches  \vide.  .^ 

and  one  inch  thick ;  six  C°  ^ 

or  eight  of  tliose  are 
imited  by  a  strong  pin. 
duly  proportioned  to  the 

Btren^li    of   Uie   plates.  ^p-  '^- 

Thesy  linlvfi  were  liiat  used  in  the  bridge  over  the  Danube   at  Pesthr  snd 
subsequently  for  raising  the  Conwoy  and  Bi-itojinia  tubes. 

Anotlier  stmctuie  of  a  similar  kind  to  tliose  denominated  chain  bridgee, 
is  knoTvn  as  Dr(2d;;e's  suapenaitm  bridge  ;  and  the  pxinc  iple  on  which  jt  is  con- 
Btnictcd  is  said  to  oflfect  an  important  eeonoToy  of  material.  Mr.  l>redge, 
instead  of  moldng  bis  chains  of  the  same  strength  throughont,  makea 
them  of  sufficient  strength  ut  the  points  of  suapension  to  support  with  safety 
the  greatest  possible  load  wldch  caji  be  brought  upon  tho  bridge,  and  tapers 
or  dimini&hea  them  from  thence  toAvards  the  middle  of  the  bridge,  where  the 
stmin  becomes  esaontially  evanescent. 

There  is  another  pccuharity  about  Mr.  Dredge's  bridge — \iz.  that  the 
snspending  bars  which  support  the  romiway  are  hung  ohliqnely,  not  verti- 
cally, at  angles  which  vary  in  magnitude  from  the  abutments  to  the  middle 
of  tho  bridge.  Each  hnr  is  considered  to  pei-form  its  part  in  supporting  the 
load,  in  pi-oportion  to  its  distance  from  the  abutment,  drawn  into  the  sine 
of  thft  fln^le  of  its  direction  ;  so  that  the  entire  aeries  of  Sfuspending  bars 
transniils  the  same  tension  to  the  points  of  support  as  would  be  transmitted 
by  a  single  bar  reaching  from  thence  to  tlic  middle  nf  the  bridg;e. 

Tig.  05  ifl  an  elevation  of  a  bridge  on  tlxia  principle,  erected  at  Balloch  Ferry, 
Dtimbartonshire,  which  wiU  explain  Uiia  method  of  construction.  The  entire 
len^i  of  tlie  bridge  is  29:3  feet ;  the  IcngUi  of  tho  middle  span  200  feet  j  road- 
way 20  feet  wide.  The  piera  are  octagonal  towers,  15  foot  by  0  feet  at  tho 
hasSt  and  -lO  feet  above  the  bed  of  the  river.  The  main  chains  are  formed 
of  I  roimd  baca,  Inid  aide  by  side  ;  Hiirteen  in  number  over  tlie  towers,  and 
diminialujig  by  one  bar  at  everp  luak,lill  at  the  centre  of  tlie  bridge  tlic  chain 
13  reduced  to  a  einglo  l>ar.    The  IlhIcb  upon  the  toT\'ers  are  0  feet  long,  tlio 
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othena  0  feet.  The  weiglit  of  the  chams  is  1 3,874  lbs.  The  oblique  rods  are 
of  j  round  iron ;  t]ie  chalaa  hoing  coimectcd  with  the  platform  bj  two  of 
Ih&sa  at  each  tmk. 


Fig.  flS. 

Sfivcml  of  these  bridges  have  heea  constructed  in  India,  bat  we  have  yet 
to  learn  in  wliat  respect  ihoj  differ  from  ordiaaTy  BUBpension  bridges,  either 
in  regard  to  coat  or  security.  It  haa  !>oen  asserted  that  they  are  jnuch 
ebeaper ;  bat  they  must  not  bo  eonaidcircd  as  less  oxpeusive,  if  a  reductiQU  of 
price  is  attained  by  the  aacrifico  of  (lart  of  the  strength  of  the  bridge. 

Talml&fj  Tnlraluf  Gixder,  uid  Plate  Bridges. — It  will  not  bo  neces> 
6*ry  to  trace  the  orifjiu  and  course  of  Uio  experiments  which  were  instituted 
to  determine  the  proper  form  of  the  tubular  bridges  wliich  cross  the  Conway 
River  and  the  Menai  Straits^  they  are  already  well-knoivn.  Suffice  it*  Ihere- 
fore^  to  obuerre,  that  in  order  to  comply  witli  the  demands  of  ths  Admimlty 
in  canyiog  the  Cheater  and  Holyhead  RaQioad  a^roas  the  M^niii  Straits,  in 
imch  Sk  nmiuier  as  not  to  impcdd  the  navigation,  it  was.  found  necessary  to 
Oonstmet  a  bridge  of  colossal  dimensions,  having  fonr  spans^  and  leaving  a 
clear  opening  on  each  side  of  the  ccatrc  pior  of  100  feet,  with  an  elevation  of 
100  feet  between  the  bridge  and  the  high-water  level. 

This  cou3J  not  iiave  beea  accompUahed  by  the  ordinary  applicatioua  of 
iron,  such  oa  eaat  iron  archer  or  chain  bridges;  the  former  not  giving  sufS- 
dent  height  above  the  wateJ^ level,  and  the  latter,  from  their  flexibility,  having 
been  shown  t3  bo  inadeqaato  far  the  support  of  railway  traiaa*  and  railway 
traffic :  it  was  ultimately  resolved  to  erect  wrought  iron  lubea,  through  which 
the  trtiins  might  pass.  Tliis  project  of  oroi^siug  the  Straits  was  eouf^idered 
by  some  mathematiciana  and  engineers  at  the  time  ob  perfectly  Utopian ; 
and  it  was  left  to  Mr.  Stcplienson  and  Mr.  Fairbaim  to  solve  the  problem 
by  carrying  It  into  eJect.  A  laborious  series  of  eiiperiinents  was  insti- 
tuted, which  painted  out  the  prinoiplo  on  which  sucli  a  atructure  should  be 
doai^nedr  determined  the  formula  for  calculatinfj  its  strength,  and  establiahed 
an  entirely  new  system  of  construction.  These  experiments  have  already 
Ig4  to  the  use  of  wrought-iron  to  on  immeuso  extent,  and  have  afFordod  to 
the  public  greatly  increased  facilities  for  railway  and  otlicr  cDmmunicatiou. 

It  Tnay  be  obsen^ed » that  the  original  conception  was  to  have  a  cylindrical 
or  elliptical  tube  supported  by  chains — the  former  giving  siiffioient  rigidity 
to  prevent  the  dang^^i'oua  vibratory  action  of  ordinary  suspansion  bridges, 
the  latter  ofTording  the  necessary  support ;  but  the  experiments  led  to  a 

•  The  only  Buccesafal  upplJcation  of  tho  ptispcnsion  liridge  to  r^way  purposefl  U 
tbo  NU|?«rn  lirid|a;(?;  b^it  this^  although  stiffened  in  every  posaible  mfttmcf,  can  only 
bo  vdvlj  croHC'tl  at  the  rate  of  about  three  or  four  vcuUi  an  hour. 
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different  and  mucti  more  Batisfactoiy  construction,  by  ehowiiig  that  th<! 
tnbee  might  be  made  eelf  supportingt  mucla  strouptr,  more  ngid,  aiid  less  ex- 
pensive thftn  could  have  been  Bccured  by  tlie  enQiiloyment  of  any  oilier 
amiliary  support*  The  following  general  deductkma  from  tJae  expcrimenta 
will  Iw  instrtictiYB :— 


Compttrai 

iVtf  irw^ftf 

r  aftd  Stren 

tftki  ft/  Cyl 

ndriml  7>f6«. 

No.of:Diat.botwn. 

Weight  of 

BrcakiDg: 

EatJo. 

Djaioc1<<r 

Tl]i(kT>«s. 

Exp,  1  aupports. 

tube* 

TTfigh  t. 

ft,     in. 

ll«. 

lbs. 

in. 

in. 

1 

17    0 

102 

S040 

1 ;  290 

121B 

'034 

3 

17    0 

107 

2704 

1 :  25.2 

1200 

037 

ft 

U    74 

3oa 

11.^40 

1:291 

1240 

•131 

i 

23     5 

asi 

G^ao 

1:19'1 

1«£C 

■048 

a 

23     6 

340 

OlOO 

1:186 

1708 

-063 

6 

2i    5 

777 

14.240 

l:lfi3 

18*18 

no 

7 

31    H 

907 

9760 

I;  10-7 

2410 

•095 

a 

31     si 

1385 

14,240 

1 :  10  2 

24-30 

■095 

fl         31     3| 

1005 

10.S80       1     1:10  8 

24-20 

-135 

Comptiratire  Wei^his  and  HtrenQths  of  Elliptival  Tubfi. 


No.  of 
Exp, 

supporta* 

■Weiffht 

of  tl^. 

Ratio  of  weight 
to  strcDgtb, 

Dtm(>u«oi 
DifeiD 
Trana. 

Bftoftube. 
Coajag. 

ft.   in. 

ITJB. 

lU. 

in. 

In. 

19 

17     0 

109 

2,100 

1  :  I9"2 

14  02 

926 

20 

24     0 

70S 

17.070 

I  :  241 

2106 

n-60 

21 

24     0 

a.^7 

7.714 

I  :  21  7 

21*26 

14-12 

22 

18     6 

232 

6,&67 

1:29-6 

12-00 

7-60 

22 

18     6 

232 

6.648 

I  :  24-3 

1200 

T60 

24 

17    6 

374 

16.490 

I  :  400 

IfOO 

9-75 

ComparaiUe  Weii^hU  and  Sfrent^thi  of  Rectangular  Tube9. 


Ka.  of 

Distance  lietwwn 

Weight 

Brcalring 

Ratio  of  teeight 

Dinicneionaitfttibc.l 

Exp. 

fiupporti. 

of  tube. 

weight 

to  Btnmgth, 

Depth. 

Wiath. 

fr^    in. 

lb«. 

Ihfl. 

in. 

it.. 

14 

17     B 

202 

3,738 

1  :  1« 

9-6 

9-6 

Hd 

17     G 

3S4 

8,273 

1  :2l 

9-6 

\h 

17     0 

2A5 

3,7SB 

1  :  14 

9-6 

15-1 

17    6 

255 

7,H9 

1  t  28 

9-6 

120 

10 

17    a 

317 

6,812 

1  :21 

13-25 

925 

Ifid 

17     6 

317 

12.1SS 

t  ■  38 

IS'26 

9-2 

17 

24     0 

7«S 

17,  BOO 

I  :22 

160 

2-26 

23 

18     G 

267 

&,S13 

1  :  33 

130 

$0 

29 

19     0 

500 

22,^69 

\  T  50 

16-4 

T7fi 

Now,  it  may  be  elio^vn  Umt  the  ratio  of  Iho  weight  of  n  tube  to  its  brtak< 
iitg-weight,  varies  dirertly  (is  th*  dcptli  of  a  tube  when  its  length  is  constant; 
in  order,  therefore,  to  ascertain  the  coraparative  etrciigths  of  tliese  tubes,  w« 
shall  reduce  some  of  the  best  of  each  sort  to  the  Bome  depth. 


TLii3,  Noa.  4,  20,  imd  17,  bave  nearly  tUo  same  Icngdi ;  hence,  by  reduc- 
ing tH@m  to  ike  &ama  depthj  wo  fiud  tlieir  relative  gtrengths  to  be  as 
follow : — 

No.  4,  10-5;     No.  20,  111 ;     No,  17, 14-6, 
TaldngNos.  1,  24,  and  Ida,  we  find 

No.  1.  24-4;     No.  24,  200 ;     No.  15a,  201. 
Again,  for  Nob.  22  and  29,  we  find 

No.  22,240;     No.  29,  324. 

Hence  it  appears  that  the  rectangular  tubes  are  the  best,  aud  that  the 
elliptical  ones  are  next  in  order. 

It  is  desirable  that  we  should  have  some  formula,  which  will  enable  ua 
to  estimate  the  comparative  strength  of  these  tubes,  whatever  may  be  their 
form  or  relative  dimensions.  For  this  purpose  it  may  be  shown  that  the 
following  formula  is  approximately  true  for  all  tubular  girders, — viz. 

W  =  :^ (1.) 

where  W  ^  the  breaking-load,  A  the  area  of  the  whole  cross  section  of 
the  tube  in  square  inches,  d  =  tlie  depth  of  the  tube,  I  =  tlie  distance 
between  the  supports,  and  C  =:  a  constant,  which  must  be  determined  by 
experiment  for  the  particular  form  of  the  tube.  Moreover,  the  value  of  C 
determined  for  different  forms  of  tubes,  will  enable  us  to  ascertain  their  com- 
pArative  strength.    From  the  above  relation  we  have 


C=Ai 


(2.) 


Thus,  to  find  the  value  of  this  constant  for  Experiment  29,  we  have 


W 


22470  +  1(500)  _ 
2240  ■" 


10142  tons 


/  :=  19  X  12,  rf  =  15-4,  and  A  =  7048  square  inches ; 


10-142  X  19  X  12 


.•■c=    :  v.r. 


=:21-3ton«. 


7-048  X  15* 
j^oceeding  after  this  manner,  the  following  tables  have  been  calculated. 


CoMpAnA-nvB  Stbenotiis  of  Tudkh,  indicated  by  tub  Valite  of  C. 


Cylindrical  Tubes. 


No.  of 

Breaking- weight 

Area  section,  or 

Value  of  the 

Exp. 

in  tons,  or  W. 
1-38 

value  of  A. 

constant  C  in  tons 

1 

1-5612 

14-8 

2 

1-23 

1-3948 

15-0 

fi-19 

5-1032 

15-4 

293 

3-3385 

13-6 

2-93 

3  5048 

13-3 

6-48 

6-7970 

14-7 

4-13 

71928 

9-9 

6-66 

9-9 

6-08 

7-450C 

10  6 
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Elliptical  Tuhfi. 


Kn.  of 
Exp. 

Brcoking-wpttLt  At*ft  flWittoUt  or 
ID  tons,  or  W,   |      tbIho  of  A . 

Trine  nf  the 
conftimtCinttme 

20 

ai 

29 

74 

7'7fl 
381 

£-40 

7-1  »2* 
3-3300 
3*3720 
7-0010 

U-4 
119 

FretatJffuIitr  Tubes. 


Xfl.  of 

Brrftkipp-wrijrbt 

ArfR  FcHi™,  or 

Value  of  lie 

Exp. 

in  t&t]i,  nrW. 

value  of  A, 

pojiPtrtEt  C  in  ton* 

H 

171 

3-20 

117 

I4a 

3-73 

fi'32 

15  a 

15 

1-74 

404 

95 

Iffd 

3-24 

404 

ua 

17 

8-*S 

e-00 

)9-a 

25 

5'Ofi 

2-00 

2fl'6 

2fi 

10*13 

7  03 

21*3 

30 

6-«3 

5-75 

Ifll 

SI 

8-05 

673 

15*1 

33 

37  P.^ 

41-S2 

15-1 

36 

I5S-73 

^5■82 

21-1 

30 

GS66 

60-82 

22o 

41 

69^16 

6.r47 

E6-7 

TnfHe  rectPTigiilnr  tulica^Nos.  I4n,  Ifia,  17,  St^,  afl»  3&,  30,  Bud  11,  npj 
to  Lavo  Imd,  iicftrly,  a  propoi-  distriljtitjoii  of  the  matmnl ;  die  juenrr  vuln 
C  cBtimated  from  tJifSe  la  21'^  tons,  irliich  is  considfTiiMy  grcakr  Iliac 
Tdlce  of  C  deduced  for  tiiiy  of  ilie  rylittdricdl  or  cUipliVsl  hibee. 

lieen  f  aluo  of  C 

For  the  cjTiiidricol  tntos ^     *     ,     .     1303  tona. 

For  the  cllipticfll  liibee 1»V3  Ioub. 

For  llie  rectangular  tubes,     , 21*5  (one. 

Hpnce  tre  infer  tliat  tlie  re ciniipiJnr  fcma  of  tubes  is  considcTftWy  stror 
than  either  Iho  cjliin^ricfll  or  cUipilicn]  foim. 

From  llic  forniTiln  fq.  (J.)  Tire  may  det^nce  niiotherfonnnIa,coDlaiiiaiig 
one  ftipreBfiioi!,  tlie  cspcniiel  data  of  the  rroMtin,  It  iviU  not  le  ueceEt 
to  giro  hero  the  ttq  s  of  the  Jmctligatfcn  :  the  rc&iilt  nill  be  &u£Qdei^L 


li  =  (';y|L^-^^ir]tqi« 


(S.) 


Tfhlch  c^prcsfiCB  ilie  hiealtiup-Jrad  L^.df  nttibe  ?,  fccth'Dg.Brdiu  fillrcsp 
«>ni?flr  to  an  e:)tpeni(ifiitpl  tiihe*  yhoee  length  is  f  feet,  \rcjfiht  2u'  lota, 
breflling  load  L  Iotib.     Tbiti  formtiln  is  conv«uctit  for  ('jiWlatioti. 

Strcvtftk  nf  fhe  Ccuvay  Tvie. — ExperimentB  41  B]]d  42. — X&  the  qh 

tub©t  Experiment  41 ,  f  :=  7ft,  L  =  f  6*35  tons,  tc  =  -^  =:  S'B  tone. 
Fif friBient  43,  ?,  =^  4f 0;  hfrrc  ire  buve  by  rq.  (3), 


^ 
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/40U.S/    „^,        403—70  \ 

^^=iw)  {*«■*« — 75—  ><»•''} 

=:  2096  tons,  which  is  the  breaking-load  of  the  tube ;  and  honce  the  breaking- 

1300 
weight,  Wi  =  2000  +  -g-  =  27A0  tons,  1300  lbs.  being  the  computed  weight 

of  the  Conway  tube. 

Again,  adoptiug  formula  (1.),  wo  have, 

A  =  1530,  rf  =  25-6,  /  =  400,  and  C  =  26-8 ; 
.^^A^^1630X  250X268^^^^^^^ 

which  nearly  coincides  with  the  former  result. 

Dfftectiottt  of  the  Comcay  Tube. — In  order  to  discover  the  law  of  the 
deflections  iu  tubular  beams,  we  shall  fii-st  consider  the  results  of  Experiment 
11.  Adding  fths  of  the  weight  of  the  tube  to  the  numbers  in  the  column  of 
weights  in  the  table  of  results,  we  have — 


Xo.  of 

Deflecting 

Deflections 

Exp. 

weight  iatons. 

in  inches. 

4 

70,411 

1-48 

8 

122,797 

2-70 

12 

166,680 

3-68 

16 

172,878 

3-98 

20 

186,226 

4-47 

24 

197,307 

4-81 

Here  we  find  tlie  approximate  relation  of  the  deflections  and  deflecting 
weights  to  be  expressed  by  tlie  equality 

~  43000 
That  is,  the  deflection  in  inches  is,  approximately,  the  43,000th  part  of 
the  deflecting  weight  expressed  in  lbs.     This  relation  is  more  accurately 
expressed  by  the  equality 

8-     l^_--4 
"*  38000 

Making  a  similar  reduction  of  the  table  of  results,  Experiment  42,  on 
the  Conway  tube  itself,  we  have,  regarding  the  weights  as  laid  over  the 
centre  of  the  tube — 


No.  of  1    Deflecting 
£xp.   t  weight  in  Iba. 

Deflections 
in  inches. 

1 
2 
3 
4 
5 

812 

907 

966 

1013 

1U3 

7-91 

9-02 

9-60 

10-60 

10-96 

Here  the  deflections  ore  pretty  nearly  the  lOlst  part  of  the  deflecting 
weights  expressed  in  tons.  Taking  the  breaking- weight  just  determined  to 
be  2600  tons,  we  have  the  ultimate  deflection  of  the  tube  =  t^  of  2(100  ;= 


!: 


proved  (lint  a  tube  inijiiht  be  made 
traiiis  over  rivers  or  arms  of  the 
sea,  such  as  the  Mcnai  Strjiit 
aud  the  result  was  tlio  erection  ul' 
tUeConwftj'audU  iliinuia  irid^i  s 
andthemtraductioaofanewsystom 
of  construction. 

To  show  iho  inannor  in  which 
tbo  miiteriiil  is  dis^xisod  in  these 
bridges,  wo  seluct  the  liriliunuii 
Bridge,  of  wliicli  Tig.  (Wi  is  an  ele- 
vation, and  rig.  07  a  triiusvorse 
section  through  Uic  centre  of  the 
tube. 

The  Britannia  Bridge  consists 
of  two  wrought-ii'on  tubes,  through 
which  Uie  train  passes.  TJic  cross 
Bectlou,  Pig.  fiT  will  show  the  pc 
collar  orrELUgcmcnt  adopted  to  give 
the  required  strengtli  to  the  top  and 
bottom  of  the  tubes  to  resist  tbo 
forces  of  tension  and  compression 
acting  at  tliose  parts.  It  will  i..^  - — 


1  is-  C. 
of  sui 
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the  ooiL&etitioiL  of  the  joints  betn't^on  tho  vertical  plates  of  which  they  fU'd 
composed,  ^irou  is  riveted  ovor  evory  joiat,  both  outalde  and  inside,  and 
U  carried  on  some  distaaos  along  the  top  and  bottom,  iuside.  The  corners 
KTC  also  strengthened  by  angle  plates  or  gw&aets,  as  ehown  at  ttaaa. 

The  following  table,  gkving  the   dimenaiona  of  both  bridges,  Tvill  bo  of 
mtereet : — 


1     BritminU. 

Coaway. 

Total  length  of  tnch  lube       ....*.. 
Tutai  Uti^th  of  tube  for  both  lines  of  mil^fiy    . 
Greatest  Bpan  in  th«  tluar       ...,.., 

Height  of  tubes  at  tho  middle ^ 

lleight  of  tubes  at  intenocdiatc  pU'tS  ^     .     .     - 
Hcightof  tubes  at  enda     ........ 

Extreme  width  of  tubes    .,,,.*. 
Ifuinbcr  of  hvuta  in  ono  tube      ...... 

Number  of  rivuta  b  thu  whulij  bridge       .     .     . 

1624  ft. 

304S  „ 

460  ,, 

30  „ 

27  ,, 

23  „ 

14  ,,  8  ina. 

BS2,000 
1,761,000 

424  a, 

818  „ 
400  ,. 
26  „  6  ha. 

22';;  6    „ 

U  „  8    ., 
^4U,D0O 
480,000 

The  Britannia  Bridge  is  divided  into  four  spans,  the  two  principal  ex- 
tending  from  the  pier  on  the  Britannia  Rock  to  tli6  piers  on  either  side  of  tho 
Straits,  each  being  4(10  foot  in  tlie  clear;  and  the  Bpana  extending  from 
the&e  smaller  piors  to  tho  embankments,  being  each  2^0  feet  in  tlie  clear. 
The  b*iariiig  on  tho  centre  pier  is  forty -five  feet ;  on  coeh  side  of  tho  inter- 
mediate piet^,  tliirty-tw'o  feet;  and  on  tlie  abutments,  seventeen  feet  311  inches. 
In  both  brid;^e3  the  topshave  the  form  of  apnrabolic  curve.  The  total  weight 
of  the  llritaimia  Bridge  ia  computed  to  be  lO.iiTO  tuns,  und  of  fhc  Conway 
Bridge  2,8U2  tona.  Tho  siieee^s  of  these  gigantic:  struotmes  called  the 
attention  of  all  engaged  in  engineering  operations  to  the  immense  value  of 
wrought irott  a«  a  material  of  conatmction.  The  nnifonn  strength,  the 
&nility  with  which  it  can  be  rolled  into  the  various  forms  of  plate,  angtei 
and  'Y  iron,  and  the  admirable  manner  in  wliich  it  can  be  joined  by  riveting, 
peculiArly  fit  it  for  Buch  structurea  as  road  and  railway  bridges, 

Tnbntai  G^lxdex  Bfldges* — Wheco  the  span  13  not  very  large,  it  "was 
found  advisably  nut  to  bavo  a  largo  tube  through  which  the  train  might  pass, 
but  to  have  two  or  three  smaller  tubes,  or  tubular  girders  as  they  arc  called, 
with  craaa-heama  between  them,  over  wlxich  the  roadway  is  laid.  Thb 
dcfltiription  of  bridge  was  first  inlrodaced  by  Mr.  Fairbaim ;  and,  Ixko  the 
tabular  bridges,  was  foiindod  npon  the  experiments  made  to  detenuiuc  tho 
Btrengths  and  forms  of  tho  Britoniua  and  Conway  Bridges. 


Mk.  *9. 


Tlie  annexed  elevation  of  the  Gainaborough  Bridj^p  |  Fig.  68"|  will  ^ve  some 
idea  of  the  form  of  tnbn!ar  girder  brid^e^     lis  total  lcD<?tli  is  332  feet*  the 
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two  main  ssputft 
beiDg  154  feet 

of  bridge  he 
tireen  the  gir- 
ders is  twestf' 
six  ft;t>t,  giTing 
ampk  room  for 
a  double  line  of 
rftilway.  The 
tbickneas  of  tbe 
CBntre  pier  is 
twelve  feel,  and 
the  girdeTG 
Imvc  a  beojutg 
oa  each  land 
fib^tttacntof&ix. 
feet  The heiglit 
of  each  girdor 
ia  twelve  feet  ftt 
the  ceiitre  pocr* 
and  aixteeu  fMt 
at  the  obtttr 
mfints,  Asd  its 
widtli  two  foot 
sixitLchea;  imd 
Click  cdusista  of 
a  hollow  tube 
streng'theJied 
by  two  cells  at 
Ihe  1/>^,  a»d  a 
doubk^  thick- 
ness of  ilf  ineL 
plate  ftt  th« 
bottom.  Tho 
crosa  girddrB 
fire  ccnapoaed  of 
two  beams  of 
wood,  each  six 
iTit'liesbroad  by 
fifteen  inches 
deep, one  bolted 
OQ  each  £ide  of 
tk  wrought-iroa 
pkte.  The  gir- 
dcTB  are  placed 
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&t  an  angie  of  skew  of  00".  lu  all  bodieii  submitted  to  a  tnm&yerae  stimmf 
b«  tliey  solid  or  hallow,  tliose  parte  above  the  neuiral  ajn'j  &!«  subjected  to 
ft  £9x00  of  coiaproaaiou,  \rliile  iUofi43  below  liaving  to  support  a  ten^e  etrtun 
pr  force  tending  to  tcfir  them  asyudcr,  iire  exiuised  to  comprcseioii ;  but 
pfLTts  about  tk^a  neutral  axis  are  almot^t  free  from  Btrain.  Hence 
is  Uiat  in  these  structures  the  great  bulk  of  the  material  is  collected 
close  to  the  top  mad  bottom,  vrhila  only  suiticiotit  is  kfl  iu  tlie  uiiddlo 
to  connect  the  Ino  rigidly  together.  Tu  accomplish  this,  mid  to  attain 
A  mjucimum  power  of  resistance  to  compresaioiL  «-itli  Old  mhiiiaum  of 
material,  the  celluhu*  principle  waa  adopted  iu  tba  Biitiinnia  and  Conway 
BridgGs;  and  it  haa  alao  been  applied  to  Ibe  equally  important  but  lesa  im- 
posing structure  of  the  bridge  at  Gainahoroiigh. 

It  may  be  interesting  to  aJd  one  more  example  of  a  tubular  girder 
bridge,  and  wo  select  Lliat  across  the  Itiver  Huir,  on  the  "VVaterfoi*d  and 
limerick  llailTvay.  This  bridge  has  been  ercclcd  Bome  years,  and  may  eerve 
fts  %  coirect  example  of  this  description  of  brid^rt^  though  some  i^pon  o.  much 
Ivrger  scale  are  now  in  process  of  erection.  One  of  Ihese  for  the  Victoria 
Itoilwny,  Australia*  is  la  cross  the  Salt  lUrer,  mth  a  Bpou  of  SOU  feet.  Two 
oUiera  are  to  carry  the  Aberdeen  and  luveniesa  Itailts'sy  across  the  rivers 
Sppy  and  Findhom ,-  the  former  bridge  having  a  span  of  230,  and  the  latter 
^  ^        throe  spans  of  1^0  feet  each. 

"^      '  Fig,  00  is  a  plan,  and  Fig,  TO  an  elevation  of  the 

tubular  girder  bridge  erected  by  Mesara,  Fairhami  ejsd 
Sons,  to  coiiy  the  ^^'aterI"^^rd  and  Limerick  Railway  acroaa 
tiic  Suit  at  Caliir.  The  brid^^e  confiista  of  two  abutments 
and  two  piera,  over  whieh  two  tubular  girders  are  ex- 
tended for  the  support  of  the  roodwnj'.  The  clear  span 
between  tlto  abutwerits  and  t]io  piera  is  50  feet,  and 
between  tlic  two  piei-s  IDU  ftjot.  The  beariiig  surface  on 
the  piers  is  IU  feet,  tuid  on  the  ahutmeuta  &  feet. 

It  will  be  observed  tlmt  tlie  bridge  m  what  is  techni- 
calty  culled  a  sktc  bridge— that  is,  it  crofiaes  the  river 
fihtiqiiihj ;  and  hence  tlie  girders  arc  not  placed  exactly 
oppoaitc  ouo  another,     Thiii,  altbough  it  very  much  in- 
creases tliB  span  to  bo  crossed,  is  frequently  necessary 
witli  railway  stractures,  to  ovoid  the  evil  of  short  curves 
in  the  line  of  tlie  roils.    The  angle  of  skow  iu  this  bridge 
is  63*;  or,  in  other  words,  the   directlou  of  the   bridge 
croesos  the  direction  of  the  river  at  an 
angle  of  03'  instead  of  W^,  as  would  be 
the  case  if  placed  square  across, 

77m*  Ph-yR  consist  of  a  large  massive 

foundation  of  masonry,  abtty  foet  long 

by  thirteen  vide,  foimed  in  tlie  iihape 

of  a  Gut  water  at  either  end,  and  rising  up  with  a  slight  batter :  at  a  height 

of  ftbout  ten  feet,  two  hexagonal  piers  rise  from  each  of  these,  Uie  side  of  the 
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bexagOD  being  about  five  feet.  Upon  each  pair,  odo  of  tha  girdei^  Tvst^, 
a  height  of  forty  f^et  above  the  ivater- level.  The  towers  ture  carried  Tip  about' 
sixiy  ftret  in  tUl,  anct  end  with  a  turret,  in  agreement  with  tho  castellated 
abntmeuts. 

Tftc  OtnUn. — Fig,  71  is  a  cross  section  of  one  of  the  ^ders  at  tiie  cen- 
tre of  die  great  Epan ;  Fig.  72 
A  plan  of  tho  bottom  of  otml 
Biio  ^dcr  and  crossbeam; 
ilg.  73,  a  plan  of  the  top, 
and  Fig.  71  a  plati  of  the 
bottom,  Tbo  ginlor  is  11  feet 
G  iaches  deep,  and  2  feet  o 
inches  wide  between  the  ver- 
(iciil  or  S  plates.  Tho  length 
of  each  girder  is  230  feet. 
Tlielr  tran Inverse  sectaon  is  rec- 
tangular throughout ;  and  both 
tho  sides  and  Uio  top  and  bot- 
tom are  parallel. 

It  ia  evident  that  in  tlieso 
girders  the  greatest  strength 
to  resist  rupture  is  required 
in  tlie  middle  of  tlie  span :  i 
hence,  in  the  Britftniua  Bridge ' 
tho  top  was  made  of  a  pom- 
bolie  form,  the  deptli  of  the 
lubo  dccresdng  from  33  feet 
at  the   centre  of  the  Britiia- 
iiia  Tower,  to  22  feet  ft  iaohca 
at  the  abutments.    In   these 
tubular  girder  bridges,  how^ 
ever,  tho  decrease  of  strenfrdi  ig  gencraDj  effected  in  another  way.    The  lop^ 
and  bottom  are  made  parallel  for  the  sake  of  Bimplicity  of  construction; 
but  the  tliicluicsa  of  the  plfttes  ia  diminiijhed  as  they  recede  from  tho  cen^a  ] 
toAVftrd^  the  ends. 
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fig.  ;s. 


Fig.  71 ,  which  13  a  cross  section  of  ona  girder^  ahows  the  arrangeinent  of' 
the  materiftl  of  wliich  they  are  composed. 
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Th^  Top  is  divided  into  two  tiompartjuents  or  <^\\s^  by  top  and  bottom 
plates  A^V  ftud  IJB,  nnd  threo  vertical  plutca  VV  (Fij.  Tl).  Tlio  A  aiid  B 
plated  are  8  foet  long  by  1  foot  0  inches  broad,  ao  tJmt  two  lOaced  side  by  aide 
make  the  vdAWx  of  the  girder,  Tliey  are  ^  inch  tliick  nt  tiic  eeutre.  and 
d«ereas(i  in  tbJL'lajcss,  bo  tlint  towards  tlic  ends  they  iire  only  A  inelx  thirk. 
TLesc  plfttea  arc  phiccd  witii  their  enils  nbutting  nguinst  each  nlher,  end  with 
the  joint  on  one  siJc  opposite  the  middle  of  tlic  plate  on  the  other  (Fig. 
TtSl.  All  the  joints  nre  seciued  bj  covciTJig  pliitea  botii  outside  and  inside, 
carefully  riveted  with  \  inch  rivcta  plfii^od  at  diiilancoa  of  three  inches  apart. 
The  vcrlicnl  plates  are  connected  vc\iX\  tlie  A  and  B  plutes  by  angle-irons 
ninnin;^  the  whole  length  of  tlie  girdei%  and  riveted  at  diatimce  of  three  itiehea 
Ihronghoiit  their  lenf^ili.  T!ie  V  plates  are  ei^'lit  feet  long,  one  foot  two 
inches  wide,  t^  inch  Uiiolt  in  the  nuddJe,  diininishins  to  A  at  the  ends.  Tbo 
■ngle-irons  also  Tflry  fi-oin  3  X  5  X  /«  to  d  X  3  X  iV.  These  angle-irons 
Tcrjr  much  incn^nse  the  area  of  the  top,  and  give  grt.*at  rigidity  and  poivcr  of 
resLStanec  to  comprcEiiioi]. 

Oyer  the  shorter  spans  the  centre  vei'tieal  plate  is  remoTcd,  bo  that  tliere 
is  only  one  cell,  llio  Etrength  uot  being  required  to  be  so  great  there  aa  oYer 
the  largL'  span. 

The  /Aittoin  of  tlie  girdtT  (Fig,  74)  is  made  of  two  thickticsties  of  plntea, 
riveted  togctlier  into  a  thick  donhlc  plate,  bo  ua  best  to  resist  the  tension  to 
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vluch  it  is  sithjocled.  The  G  plntes  which  compOBc  it  are  rolled  to  the  ex.ixii 
Icngtii  of  twelve  feet,  in  order  tJmt  there  may  to  ns  few  joLnta  ns  posbihle,  and 
Uie  holtom  resemble  one  loTift  nnbruUen  sheet.  The  platea  aro  each  1  foot  6 
inchea  wide,  and  ]  I  ineh  thick  at  the  niiddle.  dimiiiisliiDg  to  ;*rf  at  tlie  ends. 
The  longitudinal  joint  ia  covertd  by  L  plates  12  feet  by  7  inches,  and 
dimiuisliiug  in  lUickneRs  in  the  same  ratio  aa  the  C  plulte.  The  cross  joints, 
whii^li  are  made  to  altcrnfite,  arc  secured  by  coverjii";  plates  ahove  and  below, 
<-w  h  2  feet  H  inches  by  I  foot  3^  inches.  The  poaiU'i>n  of  the  covering  plmtes 
i;  :>li(jwn  in  Fig.  iri,  atnl.  in  fact,  all  tho  otlier  parts  of  the  structixre. 

Tlic  riveting  of  this  part  reqnirea  the  preateat  care,  ns  ollicrwise  the 
joints  would  materially  reduce  the  strength  of  tlic  bridfcc  ;  the  rivtts  are  all 
one  inch  in  dinmcter,  and  are  placed  at  distaiiecs  of  four  inches  apart  Every 
coTcring-pIate  has  twenty-fonr  rivela.  or  twelve  on  each  aide  of  the  joint,  to 
cnstirc  the  connection  of  the  parts.  TJki  tendency  of  tlie  fitrain  on  the  lower 
nde  of  Ute  tabes  ia  to  separate  or  open  tlic  joiuta^  and  on  tlic  upper  side  to 
foTcc  them  doser  together.  It  follows,  therefore,  llint  in  the  one  cnRH  the 
platea  ahonld  be  most  firmly  bound  together  longitndinftlly ;  and  in  the  other. 
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the  ends  should  be  butted  afrftinsl  each  oUier,  sjid  only  such  a.  cov^titig-pliLte 
should  be  introduced  as  wovJd  prurcitt  these  euds  budding  up  and  sliding 
past  one  another.  Tlie  system  of  uniting  tlie  plates  at  the  bottom  of  these 
bridges  has  been  called  chaiti-rivcttngt  from  the  fact  of  the  rivets  being  placed 
ouo  behind  tlic  other,  in  tlie  hne  of  tlie  lejigth  of  tlio  plates,  giving  them  thftj 
appearance  of  a  chain.  Tlic  loss  of  the  t^^nsilc  streiigdi  of  any  f^Uito  wet 
oned  by  tlic  perforation  of  rivct-holee,  is  in  exact  proportion  to  Ike  tranacers^^ 
sectioni^  area  punched  out;  and  tho  easing  of  strength  gained  by  the  intro- 
duction of  chain^ri voting  wiU  bo  appreciated  "vvhea  it  is  stated,  that  the  plates 
are  onlj  weakened  by  tluee  holes  across  eacli  plate,  iuslead  of  sis  or  eight, 
which  would  hnre  been  reqiiisite  had  the  old  plan  been  followed. 

The  Sides  of  the  girder  are  composed  of  large  plotee  10  feet  1  i  inches  long, 
by  a  feet  broad  ',  tlicse  nre  i^  inch  thick  in  tJie  middle  of  tlic  apiMis,  and 
I'll  inch  thiek  over  the  piers,  in  caneequence  of  the  stiains  upon  thein  being 
greater  at  theao  parts.  Their  joints  are  covered  on  the  DUlside  by  strips 
i\  inch  X  1^  inch,  and  on  the  interior  by  T~  irons  4J  X  3J-  X  iV.  Theae  "J" 
irons  give  considerable  rigidity  to  the  tube,  tmd  iuxe  counecti^d  nith  the  sides 
by  I  hich  livcts  placed  at  dijitancea  of  three  inches  apart.    Over  the  piers 
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and  ttbntuicnts  the  outsido coTeringpUtes  are  replaced  by  "p  irons*  Fig. 
is  an  clevstiou  of  the  outside  of  the  girder,  ghotting  the  S  and  Y  plates,  w 
tljo  cove  ring -plates,  &c. 


cojjfiTnucTiQS  or  the  CJCOSB-BEAMS. 
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About  the  ml<ldle  of  the  tube  the  stmkll  plateB  C  are  riveted  to  the  opposite 
"p  irona  on  the  interior  of  the  tube.  These  serve  to  keep  the  girdet  ill  fonu, 
aiid  prevent  th^  siUea  bulging  citlier  wa.y,  - 

The  Cronheamt. — To  support  Ibe  roadwfiv,  n  bcti^s  o 
TfTOTight-iroii  croBS-beaouB  are  stretched  from  one  girder  to  tlie 
other*  and  over  those  is  placed  tbe  longitudinal  planking 
which  aiipporta  the  rondTvay.  Tlieeo  croea-bfams  [section. 
Fig.  TO)  are  composed  of  a  TcrlLcal  plate,  X  (Fig.  71J  1  foot 
ft  inches  deep  and  ^a  inch  thick,  mth  two  nn^dc  irons  nt  tlic 
lop  and  at  the  bottom^  over  Trhich  a  plate  is  riveted,  so  us  to 
form  n  beRm  of  thcf  form  ehowa  ia  Fig.  17  {page  HI  I).  Tlie 
plfl-tc  at  tbe  top  of  these  croas-beftms  \s  9  inches  Trido  cod 
i\  thick ;  that  at  the  bottom  9  inches  wide  and  i^  thick.  Two  pieces  of  aiiglc- 
iron  ore  fixed  at  enrh  end,  by  which  tliey  are  riveted  to  the  side  of  the  girder* 
so  aa  to  rest  on  the  lodge  formed  by  tlie  bottom  angle-iron.  These  cross-beams 
are  plnced  at  distances  of  three  feet  apart* 

Oppodio  the  point  where  the  croHS-benma  are  riveted  to  tlie  side  of  the 
^rder>  the  plates  marked  E  (Fig.  Tl)  are  introduced  (being  riveted  to  the 
appodtc  T  irons),  in  order  to  tluro^T  the  strain  over  the  cenb-o  of  the  girder, 


il 
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Fig-.  17. 

and  prevent  tho  load  of  the  CTOBaheama  pulling  the  'girder  ont  of  t!w>  porpeu- 

diculAT.    Fig.  7^  exJiibits  tlte  arrang^&iuGiit  of  Ulo  crossbeouia  close  to  the 

nbutmenta,  with  a  horizontal  section  of  the  girder, 

On^  other  pro\'iaion  remains  to  be  noticed,     A  moment's  consideration 

will  show  tlint  even  ordinary  changes 
of  temperature  will  produce  a  percep- 
tible cxpanaioD  in  so  largo  a  m[\53  of 
metal.  It  is  computed  Uiat  ordinary 
clmngca  of  temperature  may  produce  a 
diO'ci'cucc  of  length  of  aa  much  as  fiix 
ijichea  in  each  of  the  Britannia  tubes  ; 
and  ^vero  not  this  provided  against 
it  "would  iutroduco  a  dangerous  stmln. 
In  the  present  bridfje  the  girders  are 
Fiff.  i».  fixed  at  the  piers  KK<  \WV  {Fig.  Gti|, 

on  cast-iron  bed  plfttes,  the  expansion  between  those  points  not  "being  suffi- 
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dent  to  reader  Uus  ftrrangoment  dangerous ;  but  oa  tho  other  two  piers  tlw 
ia  an  appnriUu^  of  roHers,  wldch  allocs  froe  motion  baekworda  or  fom'arda* 

Figs,  t^  nud  70  flljow  tliia  apparatus  ns  arrungud  o\'^r  the  piers  YY, 
iiV rough t-kou  rollers  are  £xod  iu  n  friime  whlcli  r«aks  on  ft  ca^t-iron  bed  pi 
a ;  over  Ihom  there  ia  another  cut  iron  plftte  A,  upon  which  Uxe  girder  rest 


3^ 
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Fig.  ?».  J 

the  rollers  are  four  inclies  in  diameter,  and  aro  placed  at  dght  iiichos  apim 
For  the  nbutincnts  tlik  EippFiratus  ih  m&de  witli  ojily  five  rollers.  Picoes  a 
hard  wood  arc  inserted  between  tlie  girder  dnd  the  upper  bedplate. 

Tiihtr  sh'urhtg  iht'  I'rojnirtiong  of  TnhvJnr  Girdi't'  Itriiftfrt./tWH  30 
to  ]^OfrH*p(m:— 


1 

Cuntre  tirellk- 

Sectional  areft 

ScctLouitl  aren 

Dl'PLIi  of  the    I 

Span.     1 

inR-wt'igrht 

of  bottom  of 

cji'  top  of  omj 

jfiriicr  in 

1 

of  bridge. 

one  giftlcr. 

girder. 

the  middle.      ] 
Ft.     Init, 

Ft. 

In*. 

Ton-. 

lachri. 

Incltrii. 

30 

D 

ISO 

UG3 

17  OG 

2       4 

35 

D 

210 

17-06 

1&-91 

2       8 

40 

0 

24  D 

1950 

2275 

3       1 

45 

0 

270 

21-94 

26  59 

3       0 

50 

0 

300 

24-38 

28-44 

^      10 

6o 

a 

3:10 

26-Sl 

31  2S 

4       3 

60 

0 

aao 

29-25 

34  13 

4       7 

C5 

0 

HttO 

31-69 

36-97 

5       0 

70 

0 

420 

34-13 

39-81 

0       a 

75 

0 

4.11) 

36-50 

42-67 

&       9 

60 

0 

490 

39  00 

45-50 

G       2 

85 

0 

filO 

41-44 

iH-U 

fl        7 

90 

0 

545 

43-88 

fil"l9 

e     11 

$5 

0 

570 

46-31 

54-03 

7       4 

100 

0 

fiOO 

43-75 

5B-8S 

7       8 

lit) 

0 

600 

£3  63 

fi2-5ri 

S       0 

UO 

0 

730 

ASfiO 

68 '2a 

D       3 

UO 

0 

785 

C3'33 

73-94 

10       0 

UO 

0 

fi40 

68 '25 

7963 

10       B 

150 

0 

900 

73-13 

flS'Sl 

11     a 
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Table  showing  the  Proportions  of  Tubular  Girder  Bridges,  from  lUO 
to  300  feH  span :~ 


Contro  break- 

Sectional area 

SccdoDol  area 

Depth  of  the 

Sptn. 

ing-weight 

of  bottom  of 

of  top  of  one 

girder  in 

of  bridge. 

one  girder. 

girder. 

the  middle. 

Ft.   lu 

Tons. 

InctaM. 

Inches. 

Ft.    Ins. 

160     0 

960 

9000 

105-00 

10      8 

170    0 

1020 

95-63 

111-56 

U       4 

180    0 

1080 

101-25 

11813 

12      0 

190     0 

1140 

lOG-88 

124-69 

12       8 

200     0 

1200 

112-50 

131-25 

13      4 

210     0 

1260 

11813 

137-81 

14      0 

220     0 

1320 

123-75 

144-38 

U      8 

230     0 

1380 

129-38 

150-94 

15      4 

240     0 

1440 

135-00 

157-50 

16      0 

2A0     0 

1£00 

140-63 

164 -06 

16       8 

260     0 

IfiOO 

146-25 

170-63 

17      4 

270    0 

1620 

151-88 

17719 

18      0 

230    0 

1C80 

167-60 

183-75 

18       8 

200    0 

1740 

1C3-13 

190-31 

19      4 

SOO    0 

.1800 

168- 75 

196-88 

20      0 

Hie  strength  of  the  bridge  over  tlie  Suir  ia  computed  es  follows : — 

TuE  Large  Span. 

Sectional  Area  of  the  Top. 

sq.  inn. 

2  plates  36  X  A =     3150 

3  do.  14  X  A =     18-38 

2  lonntudinal  plates  7  X  I'f     •     =      613 

10  angle-irons  3  X  3  X  i^     .     .    =     26*25 


Sectional  Area  of  the  Bottom. 


82-26 


2  plates  36  X  H     ..._••    =    5*00 

longitn 
2  angle-irons  3"  X  3  X  il 


2  longitudinal  plates  7  X  il     .    =     lO'fiO 

=      900 


73-50 


adC 


Therefore  by  formula,  W  ^  -— , 


73*5  X  188  X  80         ^™** 

— ^    4508  =:  centre  breaking-weight  of  ono  main  girder. 

loOO 

1803-2  ^breaking  weight  of  large  8pan,load  equallydisttibutod. 
12-21  ^  ditto  per  lineal  foot 

Similarly  we  find  for  the  email  spans : — 

■q.  ins. 

Sectional  area  of  the  top     .    ^    51*25 

„  „  bottom   .    r=     3863 

30-63  X 138  X  80         Tmu.  ^,       , .  .  , ,    -  .      .  , 

-  =  663*59  ^  centre  broftlung- weight  of  one  main  girder. 


600 


2254*36  r=brc&]uDg-weightof  small  span,  load  equally  distributed. 
45*11  =  ditto  per  lineal  foot. 


4G0 


xoDuuunovs  ov  Vi 


xoUing  kftds  oC  fl«veial  hundred  tolu  in  wogkl  at  a^rolocitj  ooiuidenk^ 
beyond  thftt  of  tltc  bouoding  deer  oi  ih^  fleetest  Tuce^orBe. 

Other  constructionB,  gacU  aa  tlw  liatticfl  and  Warner  Bridges,  we  cuuurl 
toooh  upon.  a«d  must  tlierefixre  conclude  by  saying  that  tU«y  have  bev 


^^ 

a^ 

"1 

°  T 

«pi;IL 

Fig.  b-2.  Fig  83. 

greatly  improved  BJuce  the  introdaction  of  the  tubular  and  tubular  girder 
bridges ;  in  fact,  they  are  neither  more  nor  less  than  the  tubular  girder 
with  lattice  or  open  sides,  and  the  top  end  bottom  proportioned  on  the  same 
principle,  as  deduced  from  the  experimenta  and  as  given  in  the  formula  for 
that  principle  of  coustniciion,  care  being  taken  to  reduce  the  constant  for 
the  lattice  bridge  from  80  to  75. 
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CHAPTEB  yyiTT 

ON  THE   APPLICATION   OF   IHON   TO    SHIP-BUILDINO. 

Thbrb  is  probably  no  branch  of  industry  in  which  the  uso  of  iron  is  more 
iiiiporbiut  tliaii  that  of  sliip-building.  The  strength,  ductility,  and  compara- 
tire  lightness  of  tins  material  are  all  in  its  favour;  and,  altliough  much  has 
been  done  in  the  application  of  iron  to  this  important  purpose,  a  great  deal 
more  remains  to  be  accomplished. 

Vessels  composed  of  iron  plates  have  been  employed  for  more  than  fiffy 
reais  in  the  navigation  of  canals ;  but  it  is  not  more  tlian  twenty-five  or 
twenty -six  since  they  were  first  introduced  as  sea-going  vessels.  It  is  true 
that  tlie  late  Mr.  Aaron  Mauby  projected  an  iron  vessel  in  1B20,  which  was 
lioilt  in  the  ensuing  year,  and  early  in  1822  was  navigated  by  Captain  (now 
Admiral  Sir  Charles)  Napier  from  London  to  Havre,  and  on  to  Paris ;  this, 
however,  was  not  a  sea-going  vessel,  but  an  iron  steamer  constructed  for  tho 
Seine,  and  which  for  many  years  navigated  that  river  between  Paris  and 
I  Itonen. 

I  From  this  period  little  appears  to  have  been  done  in  furtherance  of  the 
■  application  of  iron  to  the  construction  of  ships  till  1 820-30,  when  the  iutro- 
{  dncUon  of  a  new  system  of  traction  at  high  velocities  on  canals  led  to  new 
I  developments ;  and  from  tliis  time  to  tlie  present,  iron,  as  a  material  for 
.  ship-building,  has  been  extensively  used,  and  is  increasingly  in  demand. 
I  From  lH:>a  to  1832,  iron  ship-building  may  be  considered  to  have  been  ex- 
{  pcrimcntol ;  and  the  trials  conducted  by  Mr.  Foirbaim  on  the  Forth  and 
I  Clyde  Canal,:::  simultaneously  with  those  of  Mr.  Jolin  and  Mr.  McGregor 
Laird  at  Liverpool,  led  to  a  new  era  in  the  history  of  sliip-building. 

Among  the  first  iron  vessels  for  sca-golng  purposes  ^vaa  one  of  small 
!  tonnage,  built  at  Manchester  for  tho  Forth  and  Clyde  Canal  Company. 
;  Slie  was  built  witli  pa<ldle-wheels  on  the  quarter  near  the  stem,  and  pro- 
I  pcUed  by  two  high-pressure  engines  of,  collectively,  80  horsepower.  This 
I  vessel  attained  groat  speed,  considering  the  date  at  which  she  was  built; 
and  for  m:uiy  years  traded  between  Grangemouth  and  the  coast  of  Fife, 
':   round  to  Dnndee. 

I         Previously  to  tho  building  of  the  **  Manchester,"  another  small  vessel, 

I    railed  tlie  "  Lord  Duudas,"  was  constructed  for  tlio  same  company.  She  was 

I   strictly  experimental,  and  was  propelled  by  a  locomotive  engine  of  10  horse- 

I    power,  nith  8-inch  cylinders.    Such  was  tlie  hghtness  of  her  construction, 

itiat  the  plates  were  only  l-14th  of  an  inch  thick,  riveted  to  light  T  iron, 

which  formed  the  ribs  of  the  hull.    This  vessel  had  stem  paddles,  and  was 

of  the  following  dimensions  :— 

*  Vide  "Remarks  on  Canal  Navigation,"  by  W.  Fairboitn.    I^ngniAn,1831. 
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TAHIATHJN    or   THE    COMPASS   IN    IRON   TESSfiUB    RECTIFIED. 


Lcngtli,  Crt  feet. 

Breadth  on  heaJUt  U  feet  0  incliea, 

Peplli,  4  feet  0  inches, 

Dinmeter  of  pailLlle  wlieeS,  0  feot. 

Wiolo  weight,  including  erigiiie,  paddk-\i]ieel,  ^c.^  7  tons  1(J  cTvt. 

Draugljt  pf 'wator  Antli  cargo  on  board,  10  inches, 
The  "  Lord  Dundaa"  wiia  "built  in  1^*30,  conveyed  tfirougli  tlie  streoia 
Ma]icho!$ter  un  tnicks,  anH  launched  into  the  Ii^well,  ^.x-Lere  uujucrous 
took  place  in  regard  to  her  speed  in  utirrow  channels,  such  as  CEUtuls;  iu 
cliuUng  stich  other  diiect  experiments  as  -wctc  likely  to  reault  from  tcmcI 
of  this  kiud  propelled  by  ateam.     Siibsetjueiitly  to  these  triuifl  alio  wiis  Ut"-'- 
gated   to  liverpool,   and  fivmi  thence  to   Glasf^ow  rid  tha  Isle  of  Mn'i 
As  tliis  voyage  iv&s  rather  a  perilous  uDe*  ivUcn  the  abghtnesa  of  tlie  vessel*  ' 
build  and  the  thinness  of  her  sheftthing  plates  arc  considered,  and  as  it  was 
anioDg  the  first' — if,  iniSeed,  it  'were  not  tLo  vcrj'  first— which  indicated  tlie 
necessity  of  adjusting  Oie  compass  in  order  to  ncuirnli^e  tlie  local  iittnictj<ni 
of  the  material  by  which  it  was  eurt'oimded,  wc  may  probably  be  pei-niilttd 
to  give  EL  brief  nniTative  of  the  dreumsUncea  as  they  occniTed  during  th«  | 
voyage.    The  "  Lord  Dimdns"  soiled  from  liTerpool  at  four  a.m,  on  a  fiuft  i 
morning  in  June,  i^'\i,  imd  steered  direct  for  tlio  floafmg-light.     She  niftdo 
Die  light  in  good  tirac,  notwithstanding  a  tliick  haze  in  tlie  atmosphere, 
Tvhieh,  during  tlie  forenoon^  tliickened  into  a.  deuse  fo^f.    Towarda  one  o'clock 
land  was  descried  upon  tlie  etorbooi'd  bow,  diowing  apparently  that  she  liftd 
made  considerable  deviation  in  a  westerly  direction.    A  dispute  arose  as  to 
■what  land  it  was--^>ne  party  contending  that  it  was  the  western  side  of  tlie 
Islo  of  Man ;  the  other,  better  acquainted  with  that  side  of  tbu  island,  that 
it  was  not.    After  a  considerable  eontest  and  exaniinntion  of  the  charta,  it 
was  at  last  discovered  tliat  tlic  litUo  vessel  was  on  the  north  of  Morcoambe 
Bay,  approacliing  tlie  const  of  Ciunberlnnd.     On  the  discovery  of  this  error. 
and  in  cousoquencc  of  Uie  frail  barlt  sJiotviag  syroptonis  of  wealait'ss,  from 
the  effects  of  the  swell  whjeli  wos  rolling  iji  from  the  west,  it  was  cousidered 
deBirable  to  look  out  for  shelter;  and  consequently  her  course  was  altered 
in  the  direction  of  tJic  Iwlnjid  of  Peel  Foiinthy,  where  filie  was  sheltered  fat 
the  night.     On  the  following  morning  she  crossed  to  Ramsey,  where  the 
question  of  th<?  variation  of  the  compass  was  investigated,  and  rectilied  by 
tlie  simple  proccEa  of  noiling  a  block  of  invn  to  the  ileck,  hi  the  ijumtdiate 
[Tieinily  of  the  compnss— by  Uiis  menna  ncutralii^ing  t!io.  local  attraction  of 
the  iron  by  which  it  was  suiTounded.    After  this,  Oie  reuKiUider  of  the  Toyag© 
from  IlamEey  to  Greenock  was  effected  in  a  direct  course  witlj  perfect  safety. 
We  hare  noUced  tlicae  cir<nim stances  as  illtislraling  tlje  imperfect  stavta 
of  our  knowledge,  as  rcEpccts  the  influence  of  large  mae&cs  of  ii'on  npon  tho 
ship's  compass.     It  has  teen  ascertained  that  Oie  flnple  iron  imd  ^  iron 
ribs,  when  carried  above  tJie  deck  £o  as  to  form  part  of  the  bulxvarlis,  had  a 
remai'kable  efiect  upon  the  compass,  each  of  thera  forming,  as  it  were,  a 
separate  magnet,  whose  infltiencOj  nnleas  neutralized  l»y  some  groftter  mag^ 
netio  power,  caused  n  considerable  deviation  of  the  necdlC)  so  that  it  indicated 
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a  iK)iiU  wide  ui'  llio  iii;i;3MiC'Lio  north  ;  and  as  ihi.s  dovialiou  alu-iud  with  uvuiy    ' 
change  of  the  position  of  the  vessel,  no  reliance  could  be  i)laced  ni)on  it. 
Captain  Johnson  and  Professor  Aircy,  by  an  interesting  series  of  experi- 
ments, ultimately  settled  tliia  question,  and  x'l^ovided  a  remedy  in  the  adjust- 
ment and  correction  of  the  compass  on  board  of  iron  ships.  I 

The  object  contemplated  by  tliis  light  vessel  and  light  machinery  was,  to 
ssccrtaln  how  far  quick  speeds  could  bo  attained  upon  canals  by  steam- 
power.  As  much  as  fourteen  miles  an  hour  had  been  accomplished  by 
horses,  with  a  tractive  power  of  3d'i  lbs.  by  dynamometer,  and  that  without  ' 
the  least  appearance  of  surge  ;■'  but  the  experiments  made  with  the  "  Lord 
Danda.s"  steamer  indicated  a  very  different  law.  and,  under  the  most  favour- 
able circumstances,  never  exceeded  more  tlion  eight  to  eight  and  a  half  miles 
UL  hour,  and  that  iritli  an  enormous  swell  washing  over  tlic  banks  of  the 
canal  in  every  direction.  In  fact,  the  object  fur  which  the  boat  was  built 
vas  never  attained,  and  it  was  found  impossible  to  cffuct  by  steam  what  was 
done  by  horses.  It  neveillielcss  led  to  a  more  important  and  a  greatly- 
enlarged  branch  of  iudustr}* — namely,  the  construction  of  iron  vessels  upon 
a  large  Bcalc  for  ocean  traffic. 

These  experimental  vessels,  the  "  Lord  Dundns"  and  tlic  "  Honchester," 
already  mentionedi  in  conjunction  with  the  "  iUburka,"  and  some  otlier 
vessels,  by  Messrs.  J.  Laird  and  Co..  of  Liverpool,  may  be  considered  as  tlio 
first  successful  attempts  in  iron  shipbuilding.  Shortly  after  the  completion 
of  these  vessels,  several  large  establishments  were  founded  for  this  branch 
of  constmction,  amongst  whom  may  be  enumerated  Messrs.  W'.  Fairbairn  and 
Co.,  Millwall,  and  Messrs.  Ditchbum  and  Marc,  Blackwall,  Loudon ;  Messrs. 
Laizdand  Co.,  Liverpool ;  Messrs.  Tod  and  McGregor,  Glasgow;  and  several 
others,  all  of  whom  were  engaged  for  many  years  in  the  coustruction  of  iron 
Bhipfl. 

In  this  chapter  we  shall  be  unable  to  go  much  into  detail,  and  must 
confine  ourselves  to  a  few  general  observations  in  conuection  with  tlic  more 
important  application  of  iron  as  a  material  of  construction  for  ocean  steamers 
and  sailing  vessels,  exposed  to  all  the  changes  and  vicissitudes  of  wind  and 
tides  in  the  open  sea. 

Fig.  84  exliibits  a  half  cross  section  of  one  of  Her  Majesty's  frigates 
of  the  second  class,  and  will,  to  a  certain  extent,  illustrate  the  piinciples  of 
construction.  It  will  bo  seen  that  the  iron-ship  is  composed  of  a  series  of 
frames  or  ribs,  placed  at  various  distances  apart ;  these  arc  connected  to- 
gether in  the  interior  of  the  vessel  by  transverse  beams,  mostly  of  iron,  but 
sometimea  of  wood,  which  support  tlie  decks.  Over  tlie  exterior  of  tlio  ribs 
the  iron  sheathing- plates  are  riveted,  so  as  to  form  a  continuous  water-tight 
covering  over  the  entire  exterior  of  the  vessel. 

Sttaw— One  of  the  ribs  is  shown  at  a  a  a.  Fig.  A4 ;  and  its  section  will 

be  seen  in  Fig.  85,  which  is  a  longitudinal  section  through  the  line  h  h  ;  it 

consists  of  a  vertical  plate  e,  to  wliich  two  angle-irons  arc  riveted,  one  at  the 

top  and  the  other  at  the  bottom.    On  the  lower  angle-iron  the  sheathing- 

*  "Bemarka  on  Canal  Navigation,*'  page  67. 


Teasel  requires  to  be  made 
exceedingly  strong  to  re- 
sist the  pressure  or  vio- 
lent shocks  to  which  it  is 
subjected,  when  a  vessel  grounds.    It  i 
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Daclts. — Th«  flooringa  at©  supported  upon  beatas  extending  from  on« 
(dde  of  tlie  resBcl  to  the  otlicr,  ami  ntl&ched  &t  either  end  to  the  ribs  or  side 


^m 


ArBmeB.    In  Iho  »e<stion,  Fig,  P4,  the  two  upper  decks  are  supported  upon 
wooden  b«&Qui,  as  in  eiu  ordinaiy  wooden  vo&set ;  but  wrougUt-iron  beojng 

I  may  he  eabstituted  for  these  with  great  advatitagD^  aa  shown 
The&c  dock-beams  hare  been  made  of  varions  fonnSp  tho  best 
of  which    for  hirgc   vessels  is  probably   tlint 
shown  in  Fig.  ^h,  which  consista  of  angle-irons 
riveted  to  the  top  and  to  the  bottom  of  a  thin 
Y&riicaJ  plate.    lu  bouiq  oaaea  a  vDrtioal  plate, 
with  two  angle- iron 8  at  the  top  and  one  at  the 
huttom,   is   used,   and  bus  tlio  advantage   of 
fit'  Sa.       ^^nter  aimpUi'ity.  though  iho  matcrinl  is  not 
■0  well  distributed.     The  box  beam  (Fig.  h9)  is  employed 
fyt  Btipportiug  tlie  shafts  and  paddle-boxes  of  stGamora,  Jtc, 

Blr*Uu§of  Ui«PI«t««.— lu  Ldl  wrought-tron  tionstnictions,  the  mode  of 
joining  two  plaicsf  together  is  the  same.  When  the  article  con  neither  bo 
produced  at  once  from  the  rolling  mill  nor  tlie  steaiii-hamnier,  and  except  in 
the  comparatively  few  caaoa  where  parts  are  itelitr^i  together,  they  arc 
nniveraally  united  by  rivcit.  A  series  of  holes  being  mUde  through  botli 
pieces,  a  small  bolt,  with  a  head  upon  one  fiide,  is  pa^ed  throngh  each,  and 
tlien  quickly  hammered  down  on  the  other  aide  to  another  head,  no  as  to 


Fig-  S3, 
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BrrrruG«  tsc  hatsa  or  iRon  ftnirs. 
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^wp  tbfl  pwtB  ligfatfy  bUwmifc  thoa.  Xbeae  nrets  ftf«  tisnally  employed  tn 
ft  fesd-hoi  ateteyboth  btouM  tlMj  mr*  then  more  eaml;  h&mmered  doum,  sad 
becMiBC  in  coofiag  they  cootiBet  and  dnw  the  ports  together  wiUi  gie*t 
IwoaL 

Stike«  Ihf  tnlririiihictiiw  iif  ttlipfornnn.ttif  greatest  improvement  lia& l>«eii 
(lie  wibHtitntaflp  of  the  iffTria|:  liachinr .  mrpti W  bj  Hr.  Fairbnlm :  by  mcACi 
of  wbleh  like  object  k  »«ai>td  m  coftstdenblv  less  tune  And  at  less  cost,  and 
wkieh  OftmplctBB  Um  vmob  fl#  tfas  fiitiin  idtli  much  greati^r  perfection  Uim 
ooald  poadblf  be  dottft  Vf  tlM  kanl.  Bnt  this  ucw  and  very  superior  pn>fesa 
has  not  aa  jet  been  ancoeaBhilKj  applied  to  the  riTeting  of  plat«s  for  Kliips. 

On  eompozing  the  straigdt  of  plates  irith  their  riveted  joints,  it  ivill  bs 
nacenaty  to  cxauune  the  sectkmal  arcM  taken  in  a  line  tbTongli  the  ^lve^ 
holes  with  the  aeeticin  of  the  plates  themselrefl.  It  is  perfiNstly  obvious  thit 
in  perforating  a  line  of  b^^es  along  the  tdjge  of  a  jjlffltc,  we  mast  redace  iti 
strength ;  it  is  also  clear  that  the  plate  eo  perforated  will  be  to  the  plate 
itself,  ne&rly  as  the  Aie&a  of  ihcir  reepeetiTe  sections,  with  a  stnaU  deductJAU 
for  the  iiregulariti^  of  the  pressure  of  the  viveta  upon  tl^e  plate  ;  qr,  in  other 
wotds,  the  joint  will  bo  reduced  in  strength  Bomewbat  more  tiitui  in  the  ratio 
of  its  sectign  through  that  Itne  to  the  &oUd  section  of  the  plAte .  For  example, 
Bnppose  two  plates,  each  two  fact  wide  and  Uiree-eigblhs  of  an  Inch  thick,  to 
be  riveted  together  witli  ten  |-inch  rivets.  It  is  evident  that  out  of  two  feet, 
the  length  of  the  joint,  the  strengUi  of  the  plates  is  reduced  by  perforation  to 
tlie  extent  of  aeven  and  a  half  iniUiea;  and  here  the  stren^  of  the  platea 
will  be  to  that  of  the  joint  as  ^  :  0187*.  %Yhich  is  nearly  the  same  ta  the 
respectiTe  arena  of  llic  solid  plate  nnd  that  tlirougU  Uie  rivet-hoica ;  or  aa 
24  :  16'frt>  From  these  facts  it  is  evidentthat  the  rivetsciumot  add  to  the 
strength  of  the  platoa,  their  object  keinig  to  ke^  the  two  eurfEL^^^s  of  the 
in  oontaot  It  may  be  eajd  that  the  pressnre  or  adhcsiun  uf  Uio  two  gi 
of  the  plates  would  &dd  to  the  strength ;  but  this  is  not  found  to  be  the  casa 
to  any  great  extent,  aa  in  almost  CT^ry  instance  the  experiments  indicate  the 
i^e^tance  to  be  in  the  ratio  of  their  sectional  areas. 

When  this  great  deterioration  of  strength  at  the  Joint  is  taken  into  ao- 
ccuBt«  it  cannot  but  be  of  tlie  gi^alest  importance  that  in  structures  subjected 
to  such  violent  atrains  as  ships,  tlie  slrougest  method  uf  rivaling  sitould  be 
adopted.  To  ascertain  this,  a  long  series  of  experi- 
ments wore  tmdertaken  by  Mr.  Falrbflim,  some  of 
i}iQ  results  of  wjjich  will  be  of  interest  here.  The 
joint  ordinwily  employed  in 
sbip-building  is  U  le  Uijf-join  t , 
shown  in  Figs.  90  dud  91. 
The  plates  to  bo  united  are 
made  to  overlnp,  and  the  rivets  are  passed  throng] i 
them,  no  covering-plates  being  required,  except  at 
the  ends  of  tlie  plate  where  tliey  butt  against  each  other.  It  is  also  a 
practice  to  connteraiok  the  rivet-heads  on  the  exterior  of  Ihe  vessel,  that  th« 
Tbomtiooftbestwu.       f  Themtioof  thebnaddi  of  m^tnh 
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liull  may  present  a  smooth  surfuco  for  in;r  ijassugo  tJirougli  the  water.  TJds 
system  of  riveting  is  shown  in  Fig.  87,  where  tlie  livcts  of  the  sheathing- 
plates  are  countersmik.  This  system  of  riveting  is  only  used  when  smooth 
surfaces  are  required ;  under  other  circumstances  their  introduction  would 
not  be  desirable,  as  they  do  not  add  to  tlie  strength  of  the  joint,  but  to  a  cer- 
tain extent  reduce  it.  This  reduction  is  not  observable  in  the  experiments ; 
but  the  simple  fiact  of  sinking  the  head  of  the  rivet  into  the  plate,  and  cutting 
out  a  greater  portion  of  metal,  must  of  necessity  lessen  its  strength,  aud  ren- 
der it  weaker  than  the  plain  joint  wiUi  raised  heads. 

There  are  two  kinds  of  lap-joints,  those  said  to  be  single-riveted  (Fig.  90) 
and  those  which  are  double-riveted  (Fig.  01).  At  first  the  former  were  almost 
universally  employed,  but  the  greater  strength  of  the  latter  has  since  led  to 
ifaeir  gencoal  adoption  in  the  larger  descriptions  of  vessels.  The  reason  of  the 
saperiorily  is  evident  A  riveted  joint  gives  way  either  by  slicaring  off  the 
rivets  in  the  middle  of  their  length,  or  by  tearing  tlirough  one  of  tlie  x'hitcs 
in  the  line  of  the  rivets.  In  a  perfect  joint  the  rivets  should  be  on  the  point 
of  shearing  just  as  the  plates  were  about  to  tear;  but  in  practice  tlio  rivets 
are  usually  made  slighUy  too  strong.  Hence  it  is  an  established  rule  to  em- 
ploy a  certain  number  of  rivets  per  lineal  foot.  If  tliese  are  placed  in  a 
single  row,  the  rivet-holes  so  nearly  approach  each  other  that  the  strength  of 
the  plates  is  much  reduced ;  but  if  they  are  arranged  in  two  lines,  a  greater 
number  may  be  used,  and  yet  more  space  left  between  the  holes,  and  greater 
stiength  and  stiffness  imparted  to  tiie  plates  at  the  joint. 

The  results  of  Mr.  Fairbaim's  experiments  upon  the  two  forms  of  joint 
are  given  in  the  following  summary : — 


1 

1 

Strength  of  single-riveted 
Cohesive  strength       joints  of  equal  section  to 
of  plates.           1     the  plates,  taken  through 
Breaking-weight  in  ■     the  line  of  rivets, 
lbs.  per  sq.  in.      i  Breoking-wciglit  in  lbs. 
'              per  sq.  in. 

Strengtli  of  douUe-rivetcd 

joints  of  equal  section  to 

the  plates,  taken  through  | 

the  line  of  rivets.           •. 

Breaking-weight  in  lbs.  ' 

per  pq.  in.               I 

1 

1 

67.724 
61,679 
68,322 
60,983 
61,130 
49,281 
43,806 
47,062 

45,743 
36,606 
43,141 
43,615 
40,249 
44,716 
37,161 

52.362 
48.821 
68.286 
61,594 
63.879 
63,879 

1    Mean 

62,486 

41,590 

63,635 

!nie  relative  strengths  will  therefore  be — 

For  the  plate ]  OOO 

Double-riveted  joint 1021 

Single-riveted  joint 791 

Frnrn  the  above  it  will  be  seen  that  the  single-riveted  joints  have  lost  one- 
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fifth  of  the  fLctnul  Btrcngtti  of  tbo  platesi  whilst  tho  dcmblc-riveted  have 
retnim^d  their  pesiating  powers  uniiapaimd.  These  are  important  aad  cOfl- 
Tincing  proofs  of  tlifi  superior  value  of  the  double  jaint ;  niid  in  all  cM^ 
where  BtrengUi  is  required,  this  Jesoription  of  joint  aboiilJ  invanahly  he  ttsed. 
Comptuing  tkc£e  roaults  with  lliose  of  a  former  analj^iidi  w«  li&v@ — 

1000  :  in*3]  and  70 1  >^ 

1000:    »a3niid?yi 

M«fta,     .     ,  1000:    077  and  761 
which  in  practice  we  may  safely  oasiimo  as  the  correct  value  of  each.    Et 
elusive  of  tliis  dlfforeuce^  we  must,  however,  deduct  tliirty  per  cent  for  the 
loss  of  metal  actually  punched  aut  for  tho  reception  of  the  rivets ;  ruid  the 
ahaolute  strength  of  tlie  pktes  will  then  bo,  to  that  of  tlie  riveted  joijiU,  aa 
Ll^e  numbers  100,  08,  40.     In  some  coabs,  where  the  rivets  are  wider  apiult 
the  loss  sustained  is,  howevor,  not  so  great;  but  in  boilers  iiud  similar  vessels 
whore  the  rivcla  require  to  bo  close  to  each  other,  Uio  edges  of  lit©  plntcs  ar« 
weftltonod  to  that  extent.     Taking  into  consideration  the  various  circum- 
stanotis  aftieeling  the  oxperimental  results,  vra  may  fairly  assume  tJ;e  follow- 
ing relative  sLrcugUis  aa  tho  value  of  plates  witli  their  riveted  joints. 
Taking  the  &trengt]i  of  tlie  plat«  at    .....  100 
The  strength  of  tlie  rivetfd  joint  would  tlien  bo   .     70 
And  tho  strength  of  the  single  riveted  joint      .     ,     50 
Wood  And  Iniii  a^  MatcrUla  foi  Sliip-^bxiildiiig. — Wg  shall  COtifiider 
tUia  point  uuder  tlirce  heads — 

Strenotk, 
Ddrability^ 

KodKO&IY. 

To  ascertain  lliG  superiority  of  iron  over -wood  in  ro^ird  to  strengtli*  let 
ua  coasider  the  strains  to  nvhich  a  vessel  is  subjected.  Let  na  take,  for 
example,  a  vesacd  of  Bimilar  dimonfiiona  to  the  '*  Great  Western"  (ibe  first 
Bteamer  that  siicc*essftilly  crossed  the  Atlantic),  213  feet  long  between  iha 

perpcndicolaiVt  3!r 
feet  beam,  and  23 
feet  from  the  sttrfoco 
of  the  main  dook  to 
the  bottom  of  the 
Bhe  atliing  attadied 
to  the  keel.  Now, 
considering  a  res- 
Bel   of   tluB   Qtngiii^ 


1  itf.  V2. 


tad«,  with  its  maehinery  and  cargo,  to  weigh  3000  tn&a^  including  her  own 

•  Tho  cauBfi  of  the  incrtaflc  of  strtngth  in  tbe  dottble-rivetcd  pUtoB  mty  ba  altri- 
liutcMl  tD  thu  rivL'Lcd  specinifraa  bnaing  mudo  of  hcai  Iron  ;  whercaa  ihb  mean  str^tigtb 
of  the  plates  io  token  from  all  tho  Itohm  exporiEusnted  upon,  some  ot  inferior  quftUtji 
which  wU)  Bocount  fur  ibe  high  value  of  the  dmiblc-riTctf^  Joint. 


I 

I 
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weight;  and  sui'iio.sing,  in  tUo  lir.-it  instaii'i;,  lliiit  slio  is  suspuiulod  ujkju 
two  points,  A  oud  ii.  resting  on  tlio  bow  and  stern,  at  a  distance  of  2lU  feet, 
•a  shown  in  Fig.  0^ ;  we  should  tlien  have  to  calculate,  from  some  formula  yet 
to  be  determined  kj  experiment,  the  ultimate  strength  of  tlie  ship. 

To  determine  tliis  formula  with  accuracy  is  n  work  of  research.  In  the 
meantime,  we  are  fortunate  in  having  before  us  tliat  which  applies  with  so 
much  certainty  to  tubular  bridges  and  tubular  girders;  and  all  that  is 
required  in  this  case  will  bo  to  ascertain  the  correct  sectional  area  of  tiie 
plates,  to  prevent  the  tearing  asunder  of  tlio  bottom,  and  tho  quantity  of 
material  necessary  to  resist  the  crusliing  force  a^ong  the  line  of  tlie  upper- 
deck  on  the  top.  It  is  true  tliat  tho  necessary  data  have  yet  to  bo  deter- 
mined ;  but  the  iron  ship-builder  cannot  be  far  wrong  if  he  assxune  tlio 
weight  W  in  the  middle  (Fig.  O'i)  to  bo  equal  to  tho  united  weiglits  of  the 
■hip  and  cargo.  This,  in  tho  case  before  us,  would  give  an  ultimate  power 
of  resistance  of  3000  tons  in  the  middle,  or  0000  tons  equally  distributed 
along  tho  ship,  with  her  keel  downwards. 

Assuming  these  tests,  or  tlic  calculations  derived  tlicrcfrom,  to  bo  correct, 
let  OS  now  bring  tho 
vessel  into  a  totally 
different  position,  as 
in  Fig.  03,  having  tlie 
same  weight  of  cargo 

on  board,  and    sup-  ^^  _J^'^ 

ported    by   a   wave,  "^^'V/;f/^^^J'?!i^^5's«?W^^^ 
which,  for  the  sake  of  yig-  ^S- 

illuatration,  we  may  consider  as  supporting  the  vessel  upon  a  single  point  in 
the  middle. 

In  this  position  wo  find  the  strain  reversed ;  and  in  place  of  tlic  lower 
part  of  the  hull  of  a  ship  being  in  a  state  of  tension,  it  is,  on  the  contrary,  in 
a  state  of  compression,  and  tlie  whole  of  those  parts  below  tlio  neutral  axis 
•re  Bubjectcd  to  that  strain.  On  tho  other  hand,  tlic  upi)er  part  is  in  a  state 
of  tension ;  and  that  tension,  as  well  as  the  compressive  strain  below,  will  bo 
fbnnd  to  vary  in  degreo  in  the  ratio  of  tlie  distances  from  tlie  centre  of  the 
neutral  axis  a  (Fig.  03),  round  which  tho  forces  of  tensiou  and  compression 
rerolre.  In  this  supposed  position  wo  may  venture  to  calculate  the  strengths, 
in  order  to  ascertain  the  limit  or  maximum  of  security,  and  act  as  if  the 
Teseel  were  placed  in  trying  circumstances, — either  contending  with  the 
rolling  seas  of  a  hurricane,  or  suffering  tho  actual  suspension  of  cither 
portion  when  taking  the  ground.  In  these  critical  positions  we  arrive  at 
the  conclusion,  that  calculations  founded  upon  tlie  formula  for  -nTought-iron 
tnbnlar  beams  will  determine  tlio  strength  and  resisting  powers  of  an  iron 
aUp,  and  that  under  every  contingency  and  every  circumstance  in  which 
Ae  Teasel  can  be  placed.  Moreover,  it  will  give  a  wide  margin  of  security 
ondcr  all  fiiose  forms  and  conditions  of  puril  to  which  every  vessel  navi- 
galmg  the  ocean  is  exposed.  We  are  fully  aware  that  many  tliousand 
▼eseeli  are  now  afloat,  that  would  not  stand  one-third  of  tlie  tests  which 
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we  have  taken ;  but  that  ia  no  reason  '^vby  we  slioulil  tiot  ewicAVoiir  to 
cflect  more  judicioua  distribution  of  ilia  matcii4ii»  ha.  order  to  aiuuu  tJue 
maxiintitn  Btrengih,  wherct  human  life  mid  the  foilu&es  of  the  public  aro 
at  stake. 

To  sho^  Hifit  wc  hare  not  Bi^Icctcd  tests  which,  no  ressol  would  Btand, 
we  append  tho  foUowuig  incidents  : — 

lu  hnuJiiig  on  iron  gtcomer  of  nearly  ^00  toDS  burthcu  out  of  a 
temporary  basin,  she  gi-oiiudcd  on  the  extreme  cad  of  tJie  "b&uk,  and 
wna  left,  aa  tho  tide  recedod,  with  furty  feet  of  hct  fiteru  entirety  ^^itll0^t 
support,  and  her  bow  buned  in  tJie  opposite  hank.  On  tho  letura  of  tlm 
tiJc,  the  v&ssel  floats,  and  immedlatclj  oftem'&rda  she  proceeded  on  her 
voyaye. 

A  large  st^atner,  the  "  Tangaard/*  ran  foul  of  a  reef  of  rocks  on  tlie  wcet 
coast  of  Irehtnd,  and  coutinut^d  exposed  to  the  ewuU  of  tlie  Atbintic  beating 
her  upon  ttiom  for  Bevoral  dtiys  wiLli  t^omparatiTelj  illtk  injury,  oxecptiug 
only  the  corrugation  of  tlii3  ][»lat€s  along  hex  bottom,  Sho  Appears  to  have 
rested  upon  a  uiuriltcr  of  mnall  tiord  rooks  from  tlic  stem  to  Qie  full  part  of 
the  vessel  jnst  under  tlio  paddle  wheels*  and  from  tliat  part  lo  the  stern  to 
havij  beeu  qiiite  luaBiipportud.  except  at  one  plin?e  whoro  U»e  koel  was  broken. 
Mr.  Clark,  wlio  went  to  i''5taraine  her,  statea  that.  "  although  Bhe  was  heuUng 
hojd  for  so  many  days,  no  poit  of  her  eugtnoB  ^vas  di^ranged.  Her  eugmus 
were  kept  constautly  at  work,  and,  iu  his  opinion,  are  now  in  tm  pci-manent 
working  order  as  ever  tlicy  were.  Hod  thcr  'Vanguard'  bccu  built  of  wood 
instead  of  iron,  &hi^  could  not  hare  been  saved-" 

**The  '  Royal  George,'  one  of  tl»e  iron  steamers  running  between  Liver* 
pool  nud  Glasgow — a  reaeol  of  unusual  leugtli  in  proportivju  to  her  beam — 
got  on  EL  rock  near  Greenock  at  liighwalert  when  loaded  with  about  150 
tuna  of  dead  weight  bebides  her  engines  and  coals,  and  waa  left  there 
Jiigh  aud  dry  during  a  whole  tide,  without  suBtaining  any  injury.  She 
rested  nearly  on  her  centre :  and  all  who  saw  her  were  of  opinion  that 
no  timber  vessel  could  have  rciuaiued  in  dmt  position  without  breaking  her 
back."* 

We  might  adduce  numerouEt  other  instances  in  which  Iron  Teasela  ha^i?, 
without  material  lujuiy,  stood  tJie  Btroins  which  must  hare  eauaed  a  limber 
voaBcl  ti>  g<»  to  pioeea.  An  iron  ship  is  unitt*d  by  riveting  into  a  shigk  firra 
mass ;  wliiht  a  wooden  vessel  in  computed  of  an  innumerable  number  of 
pieces,  all  imperfectly  joined  logotlier,  but  which  are»  nevertheless,  dependent 
on  each  other  for  support ;  so  tJiat  if  any  one  gives  way,  the  stability  of  tUJ  the 
rest  is  t^ndaugered. 

In  his  paper  on  iron  a.H  ft  matetial  for  sliip^builduig.  Mr.  Falrbaim  gives 
the  following  reaiilta  of  ^ome  cxpeilmenta  on  tlie  compamtive  strength  of 
wood  and  iron,  when  sulijected  to  pressure  from  a  blunt  instrument  phased 
ut  right  atiglea  to  tlie  surface  of  the  plate.  It  will  be  seen  that,  in  these 
experiments,  an  endeavour  was  mode  to  place  Uie  mntenjd  in  circumstauces 
Bimilar  to  those  mentioned  above,  where  the  vessel  is  beating  upon  hard  wid 
•  Gnmthnm  '*0n  Iron  m«  Material  f-ir  Sliip-Buildinjr." 
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tmeqnol  ground.  lu  tJUtise  experiments,  die  ivrougljt'irQU  plstea  «*ere  fastened 
upon  ft  framo  of  cast  iron,  one  toot  fiquare  inside,  ftnd  one  foot  aix.  inches 
mit^de.  The  sides  of  the  plat*?,  when  hot,  were  twisted  round  the  framo,  to 
which  they  vere  firmly  bolted.  T!io  force  to  burst  it  was  npplied  ia  tho 
centre  hy  a  bult  of  iron,  terminating  in  a  hemisphere  three  inches  in 
diameter. 

Smnmaiy  of  Remltv. 

Ibfi.    Menu :  lbs. 
In  Experiment  L,  a  plate  one-fourth  of  an  inch  thick  was 

burst  hy 13,T80  \ 

In  BxpeiiiDsiit  II. ,  a  plate  one-foorth  of  an  inch  thick  waa  [    1 6^770 

'bnrst  by lfl,700  J 

In  ExpenTiientIII.,aplate  half  an  inch  thick  was  borst  hy  3T,MH) 

In  Ejtperiment  IV.,  a  plate  half  an  inch  thick  was  burst  by  37.038  f    ^^'^*^ 

Hero  the  strengths  ar^  as  the  d^ptha,  a  half- inch  plate  requiring  double 
the  weight  to  produce  fracture  that  had  previouBly  burst  a  quarter-inch  plat'O. 

The  experimenta  on  wood  were  made  upon  good  English  oak.  of  the  same 
width  aa  the  iron  plates.  The  apecimena  were  laid  upou  solid  plaiUts  twelvo 
inches  asundcT,  and  by  the  same  apparatus  the  rounded  end  of  the  tLree- 
incU  pin  was  foroed  through  tliem. 


Smmnary  o/EtguUs. 

\h$.    If  eon:  lbs. 

Strength  ofplanka  3  iiichea  thick lH,im^    _  „^^ 

»         3 10,m|    ^''^^^ 

.,       n      4.^^0[     ^^^^^ 

Here  tha  strength  to  resist  cruahing  fallows  the  ratio  of  the  f^qnare  of  the 
deptht  as  ia  fouad  to  be  the  case  in  the  transTerse  fracture  of  rectan^ilar 
bodies  of  conetant  breadth  and  span.  The  ezperimentfi  show  concIusiTely 
the  superiority  of  iron  in  ordinary  caaes. 

Ihuabllliy* — The  durnbUity  of  iron  ships  is  now  establiBhed  beyond  a 
donbt :  and  It  Is  generally  ndniittcd  that  thej'  remain  £t  for  service  longer  than 
tUuae  of  litnher.  At  first  it  was  thoufjht  that  tlie  action  of  saltwater  wouid 
ennse  a  rajud  oxidutinu,  and  very  soon  dit^itble  them ;  indeed^  oxidation  haB 
Wen  tlic  rn(?k-ftheftd  of  evei-y  iron  ship  for  the  last  twentyyeors.  The  evil 
has  been  exai^gerettt^d  ;  auil  there  are  instaneee  of  iron  ahips  built  twenty 
jeara  ago.  which  are  still  in  existence  with  no  sensible  appenrance  of  cor- 
roaion  or  decaj*,  and,  what  ia  of  etjual  importance,  without  ha\'ing  required 
ropairs,  if  we  except  a  few  coats  of  oil  pnint,  or  the  fvppUcation  of  ^me  otlier 
anti-eorroaire  aubstauce  to  neuti'aU70  the  effects  of  the  sea-water.  Nature, 
however,  comes  to  our  asaistfiuce  in  tliia,  as  in  almost  every  other  nttempt  in 
the  conatmctivG  arts,  and  seema  to  confirm  tho  proverb,  "  A  bright  sword 
il«Tor  rusts;"  for  it  is  with  iron  ships  as  with  iron  ndla — when  in  constant  use 
there  is  little,  if  any,  appearance  of  oxidation. 
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Eeonoxny, — Mr.  Giant^umi.  in  tlie  vi'ork  olicady  quoted*  comes  to  the 
concluaiou  Hint  iron  vesseU  ore  on  Lb^  v^'kute  l^as  expensive  in  constnictiou 
than  similar  Teasels  of  wood.  Bui  nssumiQg  tliat,  when  biiilt  in  th«  best 
manner,  they  coat  about  the  same;  stiU»  Uie  iroit  aliip  lias  great  axlvontoges. 
The  strengtli  of  iron  Is  no  great  tlint  wc  arc  enabled  to  use  a  much  tlunncr 
fibell  tliaii  with  T^'ood;  and  bence  there  is  much  more  stowage  rocniL  Tha 
cost  of  maintoining  an  iron  vessel,  repairs,  tVc,  are  very  small ;  whilst  in  & 
timber  vessel  they  amount  to  a  largo  Bum.  Iron  vessek  arc  not  suhject  to 
a  dry  rot ;  and  we  Lave  (dready  Been  tli;Lt  tliej  will  remnin  under  seroro 
Btrain  comparativolj-  uninjured,  when  a  timber  yessel  nvould  go  to  pid0«6. 

In  concluding  tliia  chnptcr*  it  will  he  nccesEurj  to  advert  to  tha  me  of 
iron  aa  applied  to  resscls  of  war.  Thire  cnnnot  exist  a  doubt  as  to  the 
advantagGH  to  be  derived  froiu  iron  as  a  material  for  ship  building,  and  it  i» 
probably  aa  desirable  in  tjie  Royal  Navy  ae  in  the  Mordiflut  Service ;  but 
the  great  diawbaofc  to  its  application  is  Uio  eifect  of  eJioi  upon  iron  plntci?, 
and  tha  oons^qucnt  danger  to  tlic  safety  of  the  vessel  &om  tliis  cnMsc.  This 
dangxir  docs  not  ai-i^  so  muck  hom  point-bLuik  shot  entering  tlie  s)ux>  at 
high  veloeilies,  as  IVoni  shot  nmging  from  a  distance,  and  which  sde^ia  the 
Teasel  with  a  reduced  force.  In  the  &rst  case  ths  shot  pcnctratos  atid  pasnea 
tlirougii,  Uie  plates,  juaJdng  a  perforation  eqnal  iu  dinnicter  to  the  shot ;  but 
a  half  spent  shot  when  it  orrivea,  not  oidy  penetrtttea  the  sidoof  tiiosh^ 
but  teal's  up  the  plates  to  a  distance  of  ^ome  feet  on  every  side.  It  ia  from 
tbja  that  the  chief  danger  ia  to  be  apprehended ;  and  however  Berioua  tli« 
effecU  of  the  jagged  apUiitera  of  iron  may  be  when  dispersed  over  the  deck 
nmoug  tJio  crew,  It  is,  at  the  same  time,  a  less  evil  tli&u  the  euiira  looa  of 
the  ship*  Such  arc  the  objections  and  drawbaclcs  to  Ihc  use  of  iron  in  tlic 
Kavy  j  but  the  experiments  ou  tliis  subject^  though  to  some  extent  con- 
clusive in  their  results,  were  certainly  not  of  tliat  chai-aeter  to  cause  the 
entire  abandonment  of  iron  in  tlie  couMi'Uclion  of  vesfiele  of  \\'ni.  In  lh4 
settlement  of  tliis  question  much  hi\s  yot  tu  he  done ;  bnt  the  time  is  pro' 
not  far  distant  when  we  may  see  tlie  power^  ai-mnmenL'^  of  Gr»at  Bntain 
poui-iug  furth  upon  her  enemies  misei^  of  dutruoiiou  &om  the  sides  oli 
alupa. 
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CHATTEK  XXIV. 

Un.    VDS£    PlCEETf'a  K2W   ^9T6U    QF  IHOH   AROaiTEGlDBB. 

Th£  ingcsiiouB  and  tasteful  designs  oxhibitcd  hj  Mi.  Vase  rii^kctt  eomo 
fourteen  years  baelc,  attracted  at  tli«  timo  mucli  attention  to  tlie  sulijecl  of 
tljo  ai>plkaLion  of  iron^  and  oUier  materiiils  tiIijcU  lie  proposes  to  oombino 
with  it,  for  the  purposes  of  ardiitccttiral  ornament,;  imd  it  is  to  be  regretted 
that  he  h&s  not  uhtiiLuocI  the  mentis  of  touting  hh  syuicm^hy  applyiDg  it  pv&c^ 
lically  oa  n  scale  nf  fiufhciciLt  maguitudc.  To  us  tho  Eiibject  secma  too 
important  to  bo  passed  ovor ;  aiid  we  wilUuslv  allow  Mr.  Vose  Pickett  access 
to  our  paf^^es,  to  explniu  tbo  prindples  M-hicU  ha  proposes  to  develop  in  his 
aew  system  of  iron  BirhitectUM.     Mr,  Pickett  states  as  follows  \^~ 

In  tho  yuat  l^-i,  tltc  Uuyal  InstiLuii?  ^»r  ^VrchiicM^tJi  awarded  their  prko  Sov 
on  essay  *'  Ou  the  KiXi^t^la  ^  hich  should  rosalt  to  .ircliiteaturol  Ta^ite,  Vkiih 
r^j^srd  to  Arrnngetuetit  mid  Desipii.  from  tbe  gciienil  introduction  of  Iron  in 
tlie  Constructiou  of  ntiildinga."  It  is  bow  from  fourteen  to  flitccn  yeai'B  since 
the  e£Bort  was  nmdo  by  the  lustitutdp  and  al^  frotn  the  time  wiientUe  ^^^ritcr 
W9M  engaged  in  forcishadowiiig  some  of  Uic  easentml  gruundji  of  Lhii  great 
qantloiL 

Ovniiiite  irou  architecture,  witli  it£  analogous  matoria]^,  glaas,  gJato,  <!cc., 
wfll  gite  lo  Uie  world  ji^rcat  advaiilagca  over  those  which  tlie  ron&Uuclivc 
Eoixkure  of  iron  with  brick  can  ever  b^  brought  to  aJTord  ;  Ju  fact,  hrick  is 
hme  a  wafittiful  and  clammy  intrusion.  Though  notluiti^  can  l>o  mor«  totally 
diflhrent  than  *' irc+n  architecture'* aud  tht '' uso" of  irou in  arcliitectnnj, ytt  it 
must  ever  bo  home  isk  mind  tliat  arciiitocts  and  ari-liiti.ctujne  are  often 
linttted  by  cLroiimfltances  ;  and  lliero  are  occasions  when  tlie  use  of  iiuu 
with  brick  ia  a  necessity.  Tito  subjetH;.  as  laid  down  by  the  writer  In  Ida 
varions  publicntioas.  resolves  itetlf  into  three  dlvisious: — 

JKirgL — The  greatest  and  by  fi\r  most  important  branch  is  goauine  iron 
arahitecture ;  by  which  only  can  the  advAJihi^es  of  building  and  iLrclutecturfl 
bo  carried  to  their  tUmost  perfection.  Iluru  Uierc  muiit  hQ  no  miijug  of  iroai 
with  brick, 

JSfcomi, — Tlie  (stipfjcstcd)  iron  law  in  architectuto.  or  an  improved  use  of 
iron  ^rilh  brick ;  wliidi  is  ticceEKurv,  seeing  that  an^^ient  cilioB,  aud  existiDg 
■lone  and  brick  bmLdinga,  have  lu  to  dealt  with. 

THr^.^Ji  new  mttalHo  art.  and  architecture  fur  muuuiaents  aod  gold 
and  silver  structures;  which  does  not  roqtiii'c  our  consideration  at  present. 

It  is  thus  obvious  thiU,  iuasmueli  as  tlio  nature  nud  essonoer  the  powoiv 
and  capacitiea  of  the  materials  proposed*  urc  not  only  iuJinitdy  more  en- 
lArf^,  but  of  a  totally  opfiostte  charactvi:  to  thotie  of  stone  and  brick :  as  tlio 
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pnnciplea  of  the  ancient  s^Btem  all  t«nd  to  develop  the  properties  of  etane 
and  brick,  and  as  the  modem  world  is  called  upon  to  nse  and  adRpt>  in  the 
Itko  and  analogous  maimer,  the  powers  of  iron,  kc.  i  and  &s  the  x^ry  first 
priiDoinr  ccmstractire  principle  demanded  in  metal  is  tlie  very  reverse  of  that 
employed  in  constxuctiona  of  bnck  and  stone;  bo  all  the  associatlYe  priii- 
cipleB  of  form  and  appliance  must  he  of  a  difierent  character  Ettso. 

In  roeohdng  tlie  elements  of  masonic  architecture!  into  first  princi|iles  of 
form  and  featnrc,  they  aro  found  to  ho  four  in  numher,  which,  as  general 
principksr  constitute  alike  the  univGrsal  basis  of  every  order  or  style, 

T!ie  lurat  ctmsista  af  tlie  solid  wall,  composed  of  hloekB  of  Etone,  lif., 
plied  upoa  each  other. 

The  second,  in  sm*fac«'CarTed  or  relievo  ornamental  forms,  ' 

The  third,  in  Uie  iise  of  piers  and  columns  for  the  enpport  of  roofs  and 
portico!^;  and 

The  fout^h,  in  tho  universal  prevalence,  more  or  less,  of  anglefl  ani 
etraight-lined  fonns. 

These  princ:ipk'«,  being  incorai>atible  with  tlie  right  nae  and  just  expression 
of  metallic  powers  in  aiThitectuie,  require  equivalents  in  tlie  new  or  metallic 
system,  winch  will  be  found  in  the  six  following  pdmary  principles : — ' 

FifMt  Prinmnf  PrincipU,--Cti3^Xet  or  hollow  iron  walls*  with  cast,  chased, 
or  repouse-work  onmniental  eurfacCt  in 
Bnbatitntion  of  tbe  Bohd  wall  and  nsh- 
Icred  surface  used  in  masonry.  This 
includes  glass^  slate,  or  any  other  appro* 
priate  panelling  matciTiil,  according  to 
circiimstaucea ;  iron  architecture  not  be- 
ing dependent  <m  irou  only  for  its  orna- 
mentation. Almost  ever)'  engineering 
constructional  invention  may  here  bo 
indulged  in,  obedient  only  to  those  laws 
of  art  requisite  for  tbc  attainment  of 
relative  and  harmonious  as  well  eis  in- 
trinsic use.  An  intermediate  arrange- 
ment of  skeleton  Jrame-work  is  here  con* 
sidered  neceaaary,  the  particular  fonn  of 
which  is  dependent  on  tlie  nature  and 
requirements  of  each  work. 

The  peculiar  advniitfige  of  the  first 
primary  principle  is  economy  in  spitce, 
which  occurs ttia  proptjrtii>tiatelr  greater 

extent  as  the  hcip:ht  of  tlie  building  and  its  stories  are  multiplied  ;  an  advan^ 
tap;©  greatly  enliauced  by  tlie  hich  price  demanded  for  ground  in  cities. 
In  tlie  eofis  of  lofty  buildinf^'u  of  brick  anil  s(onG  on  confined  spots  of  ground, 
almost  one  tliird  of  tlie  whole  space  is  necessarily  often  occnpied  by  solid 
walJfi, 

Tlio  enorraona  bulk  and  weight  of  the  primary  materials  nsed  in  the  coai- 
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■tmction  of  ancient  buildings,  and  tke  ciromnstanc©  of  every  ordinary  brick 
holding  in  absorption  about  tbree-quart^ris  of  a  pint  of  water,  with  the  vast 
body  of  dirt,  dust,  water,  and  grit  inherent  in  th«  oth^r  materials,  must  bd 
known  to  eveiy  on^.  lu  that  great  work  in  the  ancient  etjgtem,  th@  Pajttheon, 
tbe  supporting  woUe  of  its  celebrated  dome  are  twenty  feet  thick.  In  the 
4uQtor'a  design  for  an  nnalogoua  -n-oik  in  iron,  but  of  much  larger  dinieii- 
sions.  a  surrouading  space  is  planned  of  two  walls,  twontyfoux  feet  apart, 
farming  canister  walls— that  is,  a  wall  formed  by  two  hollow  walla  placed  at  a 
distance  proportioned  to  the  weight  they  have  to  bear«braf?ed  together  by  meiuis 
of  beams*  upon  which  is  auatained  a  dome  of  infinitely  larger  span ;  ao  that 
the  gain  in  spoca  would  bs  ohaost  equal  to  the  whole  space  of  tho  solid  walls. 

This  LB  likewise  shown  in  the  authors  design  for  a  domestic  palace  of 
nearly  500  houses,  where  four  lofty  equal  ranges  of  boildinga,  forming  a  lioUow 
Bfj^uairo  between  400  and  500  feet  in  length,  aud  of  the  canister  proportion  of 
do  feet  in  depth,  fiustaina  a  quadrangular  dome  of  300  feet  span,  on  tie  chain 
tension  u«t  principle  of  Mr.  Bridges  Adams,  which  encloses  a  court  or 
winter  garden,  the  inner  anrrounding  walk  being  1200  feet  in  length.  This 
roof,  which  has  great  arohitectural  capndty.  is  conjpoaed  of  ivrought  in  con- 
noction  with  cast-iron,  paned  with  thick  glass,  made  water  tight,  cuiked  and 
seamed  like  the  deck  of  a  ship^  In  tliis  case  "  Qie  strain  "  would  he  distri- 
buted,  and  the  weight  ahio  would  be  distributed,  on  the  four  walla  inatead  of 
two.  Thus  a  tension  net  of  iron  bars  would  be  formed,  possessing  the  pro- 
party  of  a  net — v^iz.  that  the  breaking  of  a  mesh  would  not  involve  the  tum- 
bling down  of  the  roof:  and  thus  great  additional  security  would  bo  obtained. 

The  types  and  features  of  this  palace,  wlvicb ,  from  repetitions  of  the  sama 
castings,  manifests  extraordinary  economy  of  construction,  were  exhihited 
by  the  Hoyal  Academy  in  1659,  amongst  other  designs  of  the  author. 

Tlie  protection  afTorded  from  heat,  cold,  and  damp,  by  the  admission  of  a 
■traturo  of  air  between  the  outer  and  inner  wrUbj  ja  ohvioua;  and  its  s«cnrity 
ihnn  fire  is  also  proved  by  the  fact  of  Uio  iron-safe,  which,  when  composed 
of  single  plates^  and  exposed  to  high  temperature  by  the  action  of  fire, 
bfcomes  red  hot,  and  causes  destruction  to  Uic  contents;  while,  at  the  same 
boat,  perfect  safety  is  aeoured  by  the  application  of  a  ssooud  plate,  and  ths 
admission  of  air  between  the  two  eurfaccB. 

On  the  other  hand,  in  illuBtrstion  of  the  effect  of  hollow  or  double  walla 
in  mitigation  of  cotd  in  intenors,  the  fact  is  exemplified  in  the  ease  of  green- 
houses, which,  though  oEdy  partially  composed  of  hollow  walla  of  bonded 
brick,  have  been  found  to  maintain  a  temperature  so  much  higher  {other  con- 
ttngoncijes  being  the  samej  as  to  preserve  plants  in  perfect  healtli ;  while 
with  a  solid  wall  tlioy  have  been  destroyed.  This,  however,  can  only  ba 
attained  in  perfection  by  the  application  of  iron,  where  Uie  outer  wall,  inevi- 
tably acted  upon  by  heat  and  cold,  and  snow  and  dirt,  followed  or  preceded 
by  rain  or  damp  and  dryness,  being  not  partially,  btit  completely  separated 
from  the  ioncr  wall,  the  interior  remains  perfectly  dee  from  these  injurious 
tiffeets  of  sadden  changes. 

The  greatly -in  creased  facilities  for  the  ventilaiion  and  Iif;;htiug  of  build- 
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i&gs,  both  natural  and  artificial ;  for  the  axrauggment  of  pipes  for  the  conduc- 
tion of  air,  gas,  Binokef  sound,  water,  and  for  their  removaJ  without  injaiy  or 

destruction;  and  the  almost  total  abolitioii  of  repairs  when  iron  is  coated 
witli  glass,  tlie  colours  remtiLoiugor  ahnoEtctemn.1  brilliancy  aiid  durabJlitf-» 
would  take  up  t^o  much  of  our  sptwue  to  cnteT  upnn. 

Tli€se  vital  advantages  of  tlie  modem  material.  iroK,  over  those  of  th« 
ancient,  Btone  and  brick,  bear  a  striking  anolopy  to  Uie  itamaterittl  tmtli  of 
the  art,  architecture,  wliich  ia  founded  on  Uieir  powers  and  properties.  Tbej 
promise  to  be  unafiected  by  tinse,  or  even  use.  being  not  only  well-nigh  in- 
exhaufilible  in  our  own  caantry.  but  bountifully  spread  over  die  habitablo 
globe,  and  in  relation  witli  materials  which  chemical  knowledge  and  ina- 
chanical  science  ore  Etill  employed  in  bringijio;  to  perfection. 

In  the  autlior's  designs  for  a  church  in  iron  arcliitecture,  constmcted  of 
iron,  combined  \(iUi  porcelain,  glnsa^  elate,  Ac,  without  Etructural  use  of 
timber  or  addition  of  plaster,  the  space  within  tlie  walls  afFords  comfortable 
sittings  for  1I3&0  persona.  In  a  brick  and  stone  church  of  exactly  the  8ana« 
ground  and  space,  and  precisely  the  same  plan  and  arrangement  of  sittings, 
ncconunodation  is  afibrded  for  1000  persons.  Neither  of  these  have  galleriee, 
which  is  all  in  favour  of  the  stone  building. 

In  the  autlior's  desire  for  dwellings,  wart^houses,  and  other  buildings, 
tbo  saving  in  space  and  ground,  and  many  other  peculiar  qualities,  is  more 
etrikbigly  evinced  tlian  even  in  tlio  cnsc  of  tlie  cbun^h  :  for  inslancc,  in  two 
14'inch  or  brick^and-a-h all  built  rooms,  each  1&  feet  square  inside  and 
11  feet  high,  tlie  number  of  cubic  feet  in  each  rw)m  ia  4950  feet.  These^ 
if  built  of  iron,  would,  witli  the  exception  of  where  the  supports  occur^ 
be  increased  one  foot  over  iho  walls  from  floor  to  ceiling;  the  donble 
wall — that  iudifipcn&able  necessity  in  a  dwelling — with  its  air-chamber 
between,  ocoupvinp  abuut  two  inches,  where?  as  many  feet  are  demanded  for 
brick  and  stone.  This  gives  an  increase  in  the  iron  of  11&&  cubic  feet;  so 
that^  while  the  brick-and-mortar  wall  construction  affords  in  vacant  space  but 
40^0  cubic  feet,  in  iron  or  iron  and  alate-glab  occupying  the  same  Bpace»  6105 
cubic  feet  are  afforded:  allowing  between  100  and  200  cubic  feet  as  apace 
occupied  by  the  supports  or  ftaming,  and  for  attainment  of  tlie  efifeci  r^ulW 
ing  from  light  and  shade. 

On  th*  Application  of  the  Fir$t  Principle. ^-The  method  of  sapports  and 
pFinelling  is  of  course  adopted  as  the  bFisia  of  construction  in  a  metallic 
system  of  architecture,  from  its  suitability  to  the  nature  and  economy  of  iron 
and  its  analogous  materials,  Ab  a  general  principle,  it  has  no  claim  to 
onginality,  being  Bauctioncd  by  csperipnce  nnd  frequent  nste.  Though  many 
find  various  methods  of  detnil  jntvy  hereafter  be  adopted,  diflercait  from  thcfie 
which  have  hitherto  been  Ibouglit  of,  and  fcirms  and  modea  devised  of  such 
excellence  ns  to  carry  wiUi  tJjemuniversol  acceptance;  yet  the  modems  would 
not  do  well  to  pay  tljc  6om<?  rigid  adherence  to  tbe  forms,  modes,  o^propo^ 
tjons  of  on  architecture  dealing  with  iron,  as  was  obtained  by  tlic  Doric  and 
Ionic  orders,  and  the  Corintluan  column  snd  entablature,  of  the  ancient 
architecture  in  stone. 
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Thf  iiitcond  Frimary  Priticipk. — luttrstitial  omamentiil  tortn^  in  anbfiU- 

tation  of  sarfacC'can,'e(l,  promineiit,  or 

bafiso-rclievo  farm  in  maaonry.    Fig. 

05  represents  an   equivalent  feature 

fur  a.  l>DBa  or  £ower  in  the  oncieut 

system,   to   be  eicccnted   ill   cast  or 

nroaglit^iroii,  or  other  metal  or  mti- 

tcrial,  Tkith  gilding  ar  otlier  finish,  or 

set  or  groiindeil  on  crystal,  or  eno* 

melted,  ns  with  goma  in  jewellcrj. 
The   prt)ductians  of   the   arLietic 

Bmithi  14S  of  aimofit  every  variety  of 
jtrtkt.  ru-ij  available,  as  tins  must  bj 
no  means  be  c^msiden^d  only  as  an 
art  conQned  to  CELst-iron. 

This  character  of -decorative  form 
is  essential  to  tiie  development  of  the 
pecnliAT  powers  Avliicli  dit^tiuguish 
metal  Irom  ^tono  and  timber,  ex* 
preeaed  in  ita  variety  of  features.  It 
is  in  advance  of  and  dii»tinot  from 
the  surface  of  the  n^all*  ceilij:]g,  and  cornices,  forming  terminations  to  the 
^jis  or  BCTows  employed  for  tlie  security  of  the  iron  walls,  &.c.\  such  being 
in  strict  conformily  with  thai  iniportant  axiom  ia  architectiire»  "  that  tho 
beauty  or  omamtjut  should  ifisue  out  of  the  use  or  necessity  of  the  con* 
atruction." 

The  Advantafjfi, — Capacity  for  tlio  attainment  of  distinct  and  effective 
baaniy  in  the  form  itself,  by  the  holdnGss  of  its  projection,  and  contrasted 
material  or  coluur  with  that  of  tJie  surface  of  tlie  whJI, 

Generia  and  peculiar  beauty,  in  tho  production  of  optical  Protean  effects, 
through  the  projection  of  its  shadows  on  the  deiicatcly-tinted  surface  in  the 
rear.  Nor  are  other  ornamental  mRtenrtls  excluded:  for,  inasmuch  as  iuq- 
tollic  adjuncts  have  ever  been  admissible  in  the  ancient  system,  when  pro- 
perly used ;  eo,  in  the  modem  sj  stem,  btoue  and  marble  statuary  and  basso- 
relievo  and  otlior  nJjuncta  ai*e  also  admi»3ible»  when  legitimately  and 
apprc»priately  introduced. 

Improved  cleanlincfls,  by  tho  passaga  aiTorded  for  wind  and  water  through 
the  interBtices  of  Xlm  design,  between  the  ornamental  form  and  tho  surfaces 
of  the  building. 

lucrea^d  durability  of  the  metallic  ornamental  form  compared  witli  forms 
in  Btoue  and  cement ;  and  when,  as  is  often  required  in  architecture,  rcpe- 
liltou  in  great  niimbeiB  of  casts  from  one  pattern  or  mould,  greatly  decreased 
e09t  in  production. 

In  iidditiou  to  the  above  peculiar  advantages,  forms  of  this  description, 
while  they  evidence  the  required  freedom  of  iuveution  requisite  in  iron  arehi- 
tcfture.  aObrd  opportunities  for  the  iniroijuction  of  various  featoroa*  such  us 
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cupoletteSt  aun-ehndes  for  wintlows*  ^c,»  by  Trbicli  pwatilittT  utility  is  com- 
bined urith  pDGitlitit  omEiTTientRl  effect.  Any  Attempt  to  eatnbliah  fi  srsUm 
of  iron  architecture  vrbich  would  exclude  this  cbamcter  of  form,  would  hn 
not  only  to  degrade  and  limit  the  rGfjiiired  use  of  the  material,  bnt  wonld 
be  hipJtly  detritnentiil  to  llie  causo  of  art,  na  citercisiBp  a  tyTanny  over  tto 
moat  legitimnte  mid  Ugliest  powers  of  invGntion  of  the  human  mind. 

On  thu  Applied t ion  nf  th4f  Sft'ond  Frinciph. — As  in  the  ivorlss  of  natow, 
^\Iiere  tirae,  llje  elements,  or  otlier  circumstances,  bare  worked  npon  cod- 
Btmctiona  of  tlio  quany,  as  in  Ibo  freqnentlj  fantastirnlly  relievo  form  of 
rocks;  so  in  ibe  modem  system,  and  in  the  primary  materiftls,  tliere  is  not 
one  of  these  Essential  qnali^eations  btit  may  be  ex^mpliiied  ft&  possessiiif; 
the  cliarms  of  a  neir  utiHty  or  a  new  beantr  to  recommend  them ;  while  st 
the  Bftme  time  tlmt  most  importfint  consideration,  the  Bimp]i5cation  nsd 
economy  of  b^ildin^,  is  effected .  and  many  of  its  nnisances  remored  orabftted, 

In  treating  of  tbo  Second  Piincipk,  it  is  seen  tliat  the  general  Bbaadon- 
ment  of  the  piLrticutor  treatment  of  the  basso-reUevo  omamental  form,  aa  it 
is  expressed  m  masonry,  is  considered  inevitable  ;  nnd  in  Gubstittttion  there- 
of, "  Interstitial  Oninmentnl  Form ''is  demanded  in  metal.  For  this.MTersl 
powerful  rcftROTiJ?  are  piven  in  tb$  followinfj  extrftct  from  tbo  Westminster 
Heview: — "With  regard  to  the  merits  of  'Interstitial  or  Transparent  Form/ 
as  compared  with  that  which  ia  maaaive  and  opaqne,^  from  its  being  caired 
or  cast  on  the  anrface  of  a  solid  body,  it  may  be  remarked^  ibat  it  woiild 
probably  be  impossible  to  produce  a  design  for  tlie  one  wbicb  could  not, 
willioQt  some  ebgbt  modifications,  be  carried  out  in  the  other.  It  is  apart 
&oin  the  contingent  position  and  circumstances  in  whicb  ^ese  foraia  are 
placed,  and  tlie  influences  which  are  brought  to  bear  upon  them  IhrougJi 
the  agency  of  light,  and  its  action  upon  tbeir  peculiar  combinations,  that 
the  excellencQB  of  the  one  in  cnrnparison  witli  tlmso  of  tlio  other  can 
bo  developed.  For  example — to  compare  great  things  with  smal! — if  wo 
tfiko  a  piece  of  lace  (a  fabric  in  the  highest  degree  euseeptible  of  tbo  beauty 
of  interstitial  foi-m).  and  paste  it  over  a  solid  body  of  its  own  colour. 
ontljDO,  and  configTiration.  it  Tvill  remain  tbe  seme.  SOU  beautiful  it 
may  be,  but  iUustratnc  of  the  effect  produced  by  solid  and  opaque  fono. 
analogous  to  that  eibibited  in  the  surface-car^'ed  or  relievo  onigment  of 
raasomc  architecture.  Agein.  if  the  some  piece  of  lacc  be  stretched  orer  n 
siirfnce  of  agreeflbly  contrasted  colour,  the  beauty  and  elaboration  of  its  form 
wjl]  become  much  more  manifest,  though  still  expressive  of  a  solidity  coinci- 
dent witb  tliat  of  a  printed  or  embossed  pattern  over  an  opaque  vubstnuce. 
rather  tlian  of  the  transparent  qualities  in  which  its  intrinsic  excellence  con- 
sisia.  But  remove  tins  piece  of  lace  from  the  substance  over  which  you  had 
Btrctched  it,  and  place  it  at  a  judicious  distance  in  advance  of  tlie  surfnco  vT 
contrasted  colour,  the  action  of  lipht  ffllling  varioudy  upon  it;  and  the  result 
^ill  be.  not  only  that  llie  beautiful  inlrioacy  of  its  forms  will  be  prominently 
exhibited,  but  a  superadded  pecuHar  and  highly  intercBiing.  nnd  moreover 
entirely  gratuitous,  species  of  beanty  and  effect  becomes  produced,  tbrou^li 
tlie  varied  repetition  of  its  forma   and  combinaiions,  and  the  erer-Tar^-inf* 
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modificatioQa  of  the  aame  in  tiie  iucorporeaiities  of  i^hadow.  Now,  tliuu^U  it 
WBky  be  brought  wiUiiu  the  bounds  of  possibility  to  produce  iat{;r^ttti^  funua 
of  Uiia  d^BcriptioQ  in  stooa  or  Umber,  of  proportionii,  it  tnay  be  said,  delicate 
tiaoogh  for  ike  purpQiea  of  arcbiteolure ;  yet  the  biittle  or  fragile  propertieB 
of  these  matenaJa  tampared  with  tho  extraordinary  alreii^th  and  tonaoity  uf 
iron  and  fiimiliir  6ubBt[m<:es,  r^udeL^  the  la-ttgr  th^  must,  if  not  Uie  unJy 
effieiect  medium,  fur  the  realization  of  the  eil'ecta  to  be  produced  by  the 
systematic  use  of  these  fonus  in  oxcMtecture," 

Moieoveri  the  wnlls  or  other  parts  of  biiildingg,  from  the  BUrfoces  of 
which  featiirea  of  thi*  chAracter  are  sospoudcd,  being  hollow  and  inter- 
stitial, fiu-dicr  jufltiiies  this  ckaractor  of  ornament,  since  in  the  ancient  and 
established  architectures  the  oi-nameut&I  features  are  correspondent  with  the 
vrallp  each  being  solid  or  opa<^ue. 

But  not  oulyiB  uibcrstitial.Buspeaded, or  transparent  form,  consistent  and 
harmonious  with  hollow  walls,  but  the  iufitrnmentB  by  which  it  is  suspended 
from  the  same  are  of  ni^cesBity  associated  with  metal  couBtrnotions ;  siacc. 
from  the  iron  ship  of  several  hundred  feet  in  length,  aud  the  uron  gaaometer 
of  et^ual  oircumfcrence,  down  to  tiie  handle  of  a  cud  scoop  or  candlestiGk, 
the  pin  or  rivet  pi^eaenta  itself  els  tlio  expressive  medium  of  connectiun 
between  the  Geversd  paits  of  which  metallic  constructiDUS  are  composed. 

Anotlior  advantage,  peculiar  to  the  character  and  diapodtion  of  the  orna- 
mental foi-m  in  question^  is  its  sin^ai'  power  and  efficiency  for  maintaining 
the  beauty  of  cleanliness. 

hi  the  carved  or  boaso-rclievo  form,  especially  in  exteriors  exposed  to  a 
htnnid  atmospbei'e.so  fuUj  charged  with  particlcsof  soot  and  dirt, and  embryo 
vegetnbis  mattor,  as  our  own,  it  is  impossible,  without  IrequeaUy^repeated 
woahiag  aad  brushing,  to  preserve  such  a  state  of  cteaidiness  a&  is  reqiueite 
to  exliibit  the  hglita  and  ahadows  of  tlie  original  work,  or  to  protect  th« 
forms  in  question  from  tlio  accnmuhLtiona  necessarily  engendered  within 
the  sunken  hoUowa  of  canned  forms,  especially  when  these  are  of  rich  or 
LKild  proportiona. 

In  the  metalUc  interstitial  form,  on  the  contrary,  as  applied  in  accordance 
with  the  pro^&iuns  described,  tho  n4:^cessity  for  cleansing  operations  of  this 
uaturo  i»  ahnost  entirely  removed :  for,  iJjdeppudently  of  the  nouabsorbent 
|»iopertiesof  iroti,aud  tlie  absence  of  the  glutinous  and  slimy  surface  occa&ionQd 
by  the  growth  of  minute  vegetable  and  auimal  life,  so  inseparable  from  Gtone ; 
ihe  position  in  which  the  various  features  aro  placed  in  relation  to  tlie  walls 
(at  various  angles,  acoording  to  their  ofEice  or  cliaracier),  at  a  ck*ar  distanca 
in  advauce  of  Ui3  surface^  m  calculated  to  efftct  the  continual  cleansing  and 
wjuhing  of  their  interstices,  through  the  natural  action  of  wind  and  rain. 

Tfm  Third  Fntiuittf  Prlticiple^  or  treatment  in  close  coimection  with  the 
first  prinitiry  principle,  and  iu  cont^:^st  ivith  the  second,  manifested  in  me^ 
d&Uic  low  relitif,  or  intagUa  form,  or  repouse  work,  aiid  generally  In  obedi- 
ence to  the  manipulatiya  reqinrementa  and  tluckness  of  the  plates.  ThiSr 
though  involving  no  invention,  constitutes,  with  tho  second  principle,  two 
di«titK''t  characters  of  form  to  that  of  the  one  principle  of  reUevo  form  in 
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maaoniyr  altbough  in  the  decorations  of  tliitt  system  three  ditierent  chojract^rg 
of  retltivo,  tLz.  basso,  mezzo,  and  alto-relievo,  are  employed.  Both  these  dis- 
tiiict  principles  are  dczDonded  for  the  ndeciii&tc  architectural  expre&aioii  of 
meti^c  powers,  peculiarities,  and  requiromenis  in  iron  architecture. 

The  Fourth  Prinuiry  Principle  ia  manifested  in  the  fftispension  portico, 
or  light- admitting  longitudinal  covered  way,  in  substitution  and  equiraleiit 
for  the  columnar  portioo,  colonnade^  and  arcada  in  the  ancient  eystcm  ;  as 

also  in  the  ap- 
plication of  sns- 
pension  chains 
nnd  brackets  to 
coTTespondizig 
towers,  turrets^ 
and  canister 
walls;  orinanp- 
ports  for  sus- 
taining roofa  to 
baildings  of  such 
extent  as  to  re- 
quire,  in  tlie  ma- 
eonlc  arts,  tlie 
construction  of 
eiEpenaive  piers 
and  cohzmng, 
ronns  and  ar- 

rongeincnta  of  tliia  descnptioii  offer  pecnliar  advantages  in  nppIJcatloti  to 
railway  termini  and  platforms;  public  entrances  and  covered  ways,  perfectly 
lighted  and  vontlktiad,  for  streets*  tlieatres,  and  other  extensive  buildings 
for  purposes  of  exhibition  or  assembly ;  terraces,  conservatories,  state  apart- 
ments, &c. 

The  Aduantaijcs  specially  resulting  from  the  application  of  the  flospension 
principle  arc  numerous.  They  afford  the  shelter  of  roofs  from  rain  and  snn, 
without  the  obstruction  of  light,  oir,  and  view,  and  the  sa^-ing  of  the  entire 
apace  UBiially  occupied  by  piers  and  columns;  which  are  generally  unfits 
&cqueQtly  highly  dangerous,  as  in  some  of  our  railway  constmctioDS,  and 
rarely  needed  in  iron  architectore,  which,  in  obedience  to  tlie  hitherto  un* 
developed  powers  of  the  material,  admits  the  utmost  liberty  of  invention. 
restrained  only  by  ohedipnco  to  tliose  general  Ittws  which  alike  govern  all 
confitmctiv©  art.  It  also  offers  a  facility  for  camagea  to  set  down  and  tako 
up  passengers  entirely  under  cover,  and  not  beyond  the  roof  of  the  portico; 
the  saving  of  all  expense  in  piers  and  columns ;  capacity  for  the  attammeot 
of  every  variety  of  grnce,  lightnega,  and  elegance  in  effect,  fr(HU  the  har- 
monioua  introduction  of  colour  and  resplendence*  combined  with  the  due 
eilubition  nf  those  powers  and  properties  which  diatinguiah  metal  from 
stone  and  timber 

On  the  Application  of  the  Fourth  PTindpU.^~li  Is  a  rigidlycib  served  law. 


I'^-Mir^'-tJi 


rig.  98. 


JStrBfiTCrDTlOK    of   CUBYES    foil   ANOLES    1\    ]B0N    J1UILDING3. 


497 


eapeciaUy  throughout  the  highest  productions  of  nature  as  in  tlios©  of  art, 
that  out  of  tho  primaiy  generic  principle  issue  those  which  aro  of  a  s&condaiy 
character.  However  important  those  secondary  ones  at  times  become,  they 
arc  ever  bannonious  with  that  of  tlko  parent  principle. 

The  entrance  into  a  different  Tvorld  of  coUBtructiou^  whereby  tho  relin- 
quishment of  tlie  deadweight  Tertical  prcssuxo  upon  the  earth*  unavcidablo 
In  the  andient  materials,  ruid  bo  faUi  iii  cartliiiuakcB;  and  tho  necossarily 
embradng,  amongst  others,  tlmt  distingmshing  property  of  the  new  aud  life- 
Hke  materialB,  of  hori?.oiital  thrust,  in  predominance  over  that  of  vertical 
pressure.  In  the  more  ornamental  forms,  features,  and  inventions  of  the 
second  pnnoiple,  though  there  ia  Been  to  issue  tlie  like  retjuircd  abaudonmcnt 
of  the  heiivy  stone  baaso  rehevo  form,  and  solid  ^i^eometric  quantity,  yet  even 
ken  the  nobleness  and  (in  its  own  i^eculiar  w&y)  the  sublimities  of  m'cMtec- 
tun  are  preserved  In  the  more  irraportmit  nssemblf^e  of  funnfs,  featuroa,  and 
inrentions  of  this  fourth  pmiciple,  solid  geometrical  quantity  may  be  &Uy 
flaid  to  be  described,  rather  titan,  as  anciontlyi  embodied^ 

The  Fifth  Priittfity  Principle  conBiata  in  the  general  substitution  of  curves 
at  junctions  to  the  utmost  extent  consistent  with  economy,  throaghout  the 
primary  porta  and  apgrtnres  of  . 
biiildijtgs,  in  contradistinction  to-"  ~^ 
the  angular  fonna  bo  prevoleiit  in  ^ 
*11  erections  in  masonry.  The 
affinities  of  this  general  character 
of  form  are  existent  in  those 
orders  of  natural  fitmctur©  where- 
in the  analogies  of  metallic  struc- 
tures are  found  to  reside,  in 
frbich  utility  the  most  compre- 
hensive^  and  beauty  the  moat 
perfect  are  maniftjsted ;  and  from 
the  example  of  wldch  the  other 
distinctive  principles  of  the  sys- 
tem are  derived. 

Th«  Advnntagf9  of  this  prin- 
dplfl  are,  increased  cleanliness 
from  the  absence  of  dirt  and  moisture,  Tvkich  a4!cumulates  in  receding  on^ar 
fonos:  greator  convenieuco  from  the  absence  of  the  acute  projections;  in- 
oreased  suitability  to  the  economy  Mid  propertiesof  metol^  by  the  avoidance  of 
aU  tendency  to  corrode,  common  to  receding  angles  in  constxuctians ;  leas 
liability  to  injurious  otTecta  from  contraction  and  expansion ;  and  capiwily  for 
increased  beauty,  &om  its  nearer  approumatioa  to  the  highest  order  of  form 
in  coaHtmction. 

On  the  AppUcathn  o/th^  Fifth  PriHeipU, — On  tho  subject  of  nonangular 
formi  the  facts  and  arguments  advanced  in  the  autJior's  yarious  publicatiQiis 
aU  tend  to  this  result,  that  as  in  art  (to  speak  abstractedly  of  lines  and  forroa) 
the  non-onffiil^r  or  curved  fonn  is  superior  in  almost  every  respect  to  that 
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wliioh  is  angular,  »o  ttda  priodplo  juust  (and  in  the  ciMest  prjicticfllnrorks  is) 
never  lost  sight  of»  wbetlier  in  tlie  constructive  or  in  the  decorative  manipu 
UUon  of  the  materiAl;  it  is,  moreover,  advisable  to  adopt  it  to  the  uttnost 
possible  cjttent,  where  not  ftt  Tfljiance  with  the  rcquirementB  of  Architecture. 

The  Sixth  Prittuity  PrincipU  coiisiata  in  the  Bpplicntioii  of  a  coating  of 
anme  kind  indispensable  for  iron,  Guck  as  of  glass  enamel  in  colour,  patentedf 
and  ofTeriug  a  clienp  procefis  of  nlinogt  eternal  durability,  of  point  ct  gilding ; 
or  varioua  otlier  methods,  which,  though  not  always  neeessaiy  in  the 
aunlogous  materials,  are  ever  justified  in  casea  where  they  ore  properly 
applied. 

The  AppUcalhm  of  the  Slrtk  Principle,  or  appliance  of  a  coating  or  covering 
for  the  iron  J  embraces  in  iron  architecture  a  two-fold  require ju<?iit — namely, 
the  protection  of  the  iron  in  all  casca,  in  the  Hist  place ;  and  in  Uie  iit'xt 
place,  the  attainment  of  that  epcciea  of  ai-t  or  heautj  which  results  from  the 
mtroduction  of  the  varied  colour  demanded  for  the  flatisfactory  realization  of 
an  art  work  as  an  agreeable  whole,  especially  in  interiors. 

For  the  lirst  purpose,  the  patent  proceBS  of  glass  enam&lling  over  the  iron 
aecma  much  superior  to  any  other,  though  various  methods  suggest  thera- 
BBlves.  With  regard  to  the  second^  some  observations  are  contained  iu  the 
new  forma  in  architecture  (sixth  principle) ;  but  these  r^uircmeuta  can 
only  be  tndy  exemplified  in  designs  and  in  realized  works,* 

The  principle  of  structure  in  ii'on  architecture  must  l>e  finalo^ujB  with 
that  of  wooden  structure,  dealhig  as  it  dof?s  witSi  a  nialj^ninl  adapted  for  elabo- 
ration, in  the  form  of  pillnrSt  of  framing  panels,  and  teuFile  beams.  It  muBt 
bo  coinpofied  of  frame-work  and  pantlliiig.  VeiUcal  piUnra  or  aupporta  of 
cost  or  ^^ToiJ gilt  iron  are  connected  beneath  the  Burfaco  of  the  groimd  by 
bed  or  foundation  plates,  and  by  hoiizoutal  beams  at  convenient  intervals, 
aho'iving  proportional  outiines.  The  main  pillara  and  beams  may  be  vah- 
dlvidod  by  smaller  interBectlons ;  or  they  may,  for  etfect  and  strength,  be 
grouped  altcmat^-ly,  or  nearly  duplicated.  Into  tliesc  intersections  the  panels 
are  to  be  inserted  in  prepared  grooves,  tlio  panels  hdng  double,  and  leading 
an  air-space  of  greater  or  less  thickness  between  them,  with  provifflon  for 
heating  the  air,  fixed  and  stationary  in  cold  weatlier,  and  current  in  warm 
wcatlicr,  to  compensate  for  cold,  by  a  non  conducting  medium  retaining  the 
heat  in  the  building,  and  coitj  off  heat  by  the  coohng  process  of  free  air 
within  tlio  double  wall.  Were  the  apartments  lined  with  non-conducting 
materials,  tliC  provision  for  heated  air  would  not  be  necessary. 

The  panels  may  be  of  cast  or  i^Togght  iron,  tliough  ivronght  will  be  pre- 
forable  for  t!ie  lightness  which  it  corabiues  willi  stren^.  OccaaioiiaUy 
slate  or  porculain  might  be  used,  especially  for  interiors;  and  the  surfaces  of 


a  is)    m^ 


*  It  ifl  more  especially  under  the  head  of  Second  Principle  tliat  the  law  hu  aecurpd 
to  the  author  the  rights  of  patent  The  use  of  any  architcetonia  features,  po«svc£Ui^ 
the  ceBPGtiid«  of  that  principlci  M  alto  those  of  tlio  Fourth  PnDCiple,  are  not,  there* 
f  jre.  open  to  promiacuoua  us*,  TWfeMioQal  (l:crtlemen  nnd  others  desirous  of  t'Xtend- 
ing  tbo  a^vanta^fi  of  the  a^'etem,  may  communii^flte  wilh  Mr.  Toae  Pic'kctt,  M, 
J ennyn -street,  I^ndoc. 
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Cbfl  panels  can  bo  cost  or  embossed,  and  adorned  with  dcvicea  and  oTaameotal 
work  analogous  to  the  purposaa  of  the  building,  varying  the  design  to  suit 
the  inside  and  the  outBide.  The  Bame  principle  of  Btructure  will  apply  to 
the  roo£s  and  the  floors;  with  tiiia  diiTerence,  that  tlie  ceding  plaks  and 
floonog  plates  may  be  laid  on  the  horizontal  surface « instead  of  being  grooved 
in  like  the  walla.  The  ceiling  plates  should  be  formed  by  cncloaed  panela, 
the  apei^  iu  tli^  centre  of  each  seii^in^  as  a  Yetttilating  ori&ce  betWjpen  the 
wiling  and  iioor :  and  the  hollow  space  in  the  waib  and  in  the  Booi^  aorving 
to  contain  the  chimney  and  warm-air  pipes,  conveying  air  to  any  port  of  the 
Boor  or  wall  where  it  may  be  required. 

Tho  plat«  cases  can  be  of  light  ornamental  structm-e,  and  thiw  in  tho 
buiHing  itself  there  needbo  nocombuBldblo  material.  But  it  is  advifisbte 
that  tho  snrfoco  of  the  floors  should  be  of  non-conducting  materials,  and  yet 
m  jtait  of  the  structure.  Tbe  Bimpleat  mode  of  accompliahiBg  tbiSi  is  by 
meona  of  a  moveable  parquctorie  arranged  in  trian^ar  forms,  supported  on 
tho  extreme  points  or  feet,  and  standing  hollow  on  the  floor  below.  Theflc 
can  be  made  of  light  aagk*  iron  frames  hoarded  with  wninscot^  of  very 
beautiAil  patterns,  and  of  greeit  varietyi  capable  of  being  changed  from  timo 
to  time.  By  Bmall  openings  between  the  edges  of  the  frames  a  provision 
may  be  made  for  dust  to  descend^  wliich  may  be  cleared  away  at  intervals 
by  taking  up  the  carpets,  or  other  coveringa  laid  on  the  parquet  flooring. 

It  may  not  bo  out  of  place  hero  to  describe  an  iron-fi'amed  and  slate- 
alab  houBC  which  was  built  by  Mr.  George,  and  sallafactorily  tested.  The 
house  was  about  ^4  feot  in  lengtli,  by  13  feet  in  width ;  of  two  floors,  with 
two  rooma  on  the  lower  floor  and  two  on  the  upper;  the  whole  quantity 
of  wrought-iron  (thero  was  no  cast  used)  was  between  1^  and  2  tona;  the 
quantity  of  alate-alaba  about  27  tons— walla,  floors,  ceilings,  roofs,  stairs, 
cliiinne3'S,  doors,  Ac,  being  all  of  this  material:  the  whole  stmctui'e,  with 
the  exception  of  tlie  glass  for  the  windows,  being,  in  this  instnjice.  limited 
tn  these  two  matetiala,  Tho  weight  of  a  brick-and-mortar  and  tiled 
house  of  like  dimensions  would  be  about  I'JO  tons,  or  four  times  that  of  the 
ftlate  house.  If  tho  house  had  been  panelled  with  iron,  it  would  have  been 
of  consid*^rftble  less  weight.  The  space  occupied  by  the  double  walls,  with 
the  ftir-chamber,  was  2|  inches,  The  outside  walls  were  composed  of  l-inch 
tliiek  slabs,  upwards  of  8  feet  high,  and  3  fuet  U  inches  wide;  tJie  Lnaide 
wall  slabs  were  about  ftUs  in  tluekness :  so  that  this  sn^all  structure  of 
-ftToughtiron  firaminga,  panelled  in  with  slate-slab,  almost  rivalled  a  con- 
fftrnctiou  of  iron  only.  It  was  put  together  on  the  dove-tail  principle,  with- 
out the  use  of  pins  or  acrewB;  and  when  prcptued,  afewdays  would,  and  did, 
suiEce  for  its  erection.  The  inventor,  Mr.  iToaeph  George,  did  not.  in  this 
instance,  perfect  it ;  yet  it  is  valuable  as  leading  the  way,  and  showing  one 
TDethod,  of  tlio  amaUost  and  most  economical  possible  use  of  the  great  staple 
Kaatcrial  of  the  new  system. 

Here  woa  a  construction,  fireproof,  undecaying,  formed  like  a  box,  bound 
together  at  the  foundation  as  well  as  roof,  and  of  such  atabilily.  that 
if  exposed  to  the  moat  tremendous  earthquake,  even  if  tlirown  upon  its 
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be&mends,  it  wonld  htew  erary  project  of  wmahrfng  iiiuigiira&— «  pedbct 
contzait  to  bride  aad  ■tone  aeotiaiii,iriiidi«iistli7iiiMiii  of  vacti^ 
sore  upon  the  Murfli,  white  thoie  of  im  flokt  lij  horiiontol  thnui.  TUi 
eonatraolion,  if  a  humble,  wie  an  hoiiait  MUing.  The  builder  nys,  wift 
all  its  adraniagea,  he  can  prodnoe  it  eheivar  than  briek.  ^Dio  hialoflyof 
this  honae,  nnfiniahed,  would  fttzniah  an  eloqiient  laaMn  te  flie pobfieto 
thizik  Qpon  aa  wdl  aa  act  for  tfaemaelTea,  if  we  had  ^aee  to  dweQ  19011 II 

Aboat  1850,  a  granazy  waa  erected  for  the  vae  of  the  Qneen'a  atnd,  wUeh 
may  be  aeen  at  Comberiaiid  Lodge*  in  Windaor  Buk,  of  wioni^inm  and 
Blate-slab.  It  was  elevated  nponhriok  to  the  hei^t  of  the  iioor  of  awaggoB, 
which  waa  not  a  neoesiaiy  part  of  the  eooBtmetion;  wliile  the  laiperfocit 
inner  wall  was  of  wood.  But  tiile  eonatraetfim,  idun  paifoeled,  fo  eapaUe 
of  application  to  worics  of  magnifleenee,  aa  the  writer  haa  appUed  it  la  Ua 
designB  ibr  a  church.  It  smat  be  aftatod,  diat  In  tiie  gzanaiy  the  silnaBatr 
small  qnantlty  of  iron  need  waa  anoh,  tiiat  the  balder  had  to  lefy  for 
rigidity  and  stiffiiess,  to  a  veiyeanBidenUe  extent, i^ontfaepanellinip'  Hda 
compelled  him  to  fill  in  his  paneDlBg  ainnltatteoaofy  with  the  effeetfcm.  of  the 
firaming— a  manner  of  constmetioa  fdiieh,  the«c^  eapaUe  of 
has  certainly  not  the  advantige  of  that  jodieioaa  nse  of 
iron,  exemplified  in  the  pceHeaa  ereetien  of  the  akeletaa  or  fruring ,  m  the 
appropriate  law  of  a  truly  arobttectand  woriE. 
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CHAPTER  XXV. 

laOK-WOIlEINO    IN    IT6  iJ>FLI0ATtOX    fDlt    USE   JL2fD    OBKAJfEKT, 

G«ik«Yftl  a-«iuajrk«. — Tlie  preceding  treatises  hare  hitherto  dealt  more 
pflrlioulariy  witii  tbe  mttuiifacture  of  iron,  and  its  tipplication  to  the  coustruc- 
tion  of  thoae  great  works  which  have  earned  for  oui  country  a  rcputfition 
boutided  o&lv  by  tlio  hmits  of  the  ivorld  itself,  England  is  emphatically 
the  emporium  of  Ifou  manufncture ;  and  in  every  land  arc  the  products  of  her 
mauufikctorics,  aud  the  labours  of  her  artizaas  in  tliat  metal,  to  be  found.  It 
LaB  beeu  remarked,  that  the  extent  of  the  production  of  iron,  in  connection 
with  the  skill  witli  which  it  is  worked,  is  a  true  index  to  the  dvilization 
Bud  intelligence  of  a  country.  If  you  want  to  arrivo  at  this,  learn,  says 
Chevalier,  if  tnuch  iron  is  consumed;  look  at  its  tools,  utensils,  and  ma- 
ctiiuery ;  examine  what  figiu'e  iron  makes  &mong  tliem ;  and  if  these  arc 
numeroas»  sohd,  and  well  made, — if  iron,  whether  cost  or  forgcdp  or  con- 
verted into  sbce],  enters  largely  into  tlieir  construcdou, — ^if  the  workmen 
who  use  these  do  so  wiLli  facility*  if  they  keep  them  in  good  ordcr^ — tlien,  if 
such  is  the  case,  you  may  with  closed  eyes  dechtre  that  tbe  nation  tlie  arti- 
ZAOS  of  wliich  CHJi  do  so  is  advanceil,  very  far  advanced^  in  industry.  If,  on 
the  coutraiyt  the  consumption  of  iron  is  Umitcd, — if  the  iron  tools  ore  badly 
made^  and  if  in  the  machiUcry  or  apparatus  iron  is  but  sparii)<;ly  used,  aiid 
then  in  conneclion  T^'ith  bad  workmanship  and  inferior  finish— declare  that 
that  natiou  is  behind  the  age,  and  must  he  classed  in  an  inferior  rank.  By 
patience  and  perseverance  a  few  branches  of  induatiy  ministering  to  luxur}-^ 
may  achieve  perfection ;  but  in  general  its  position  tvill  be  only  eccondary  and 
its  production  limited,  the  tools  inferior,  the  machinery  bad  and  defective : 
deprived  of  sueh  comforts  as  flow  &om  cheap  production,  conseq^uent  upon 
pup6rior  tools  and  the  cheap  raw  material  of  which  these  arc  made,  the 
population  will  bo  comparativdy  misorable.  Great  and  skilful  as  many 
comparatively  uncivilized  nations  are  in  the  maniputation  of  gold,  sil vet,  and 
prc>cious  stones,  it  is  the  sabject  of  remark  how  wry  crudely  made  aiid 
inferior  are  tlio  cTamplcs  of  iron-working,  where  such  are  to  be  found  fabri- 
cated by  the  workmen  of  the  country ;  objects  resplendent  with  gold,  show, 
whero  portions  of  iron  are  introduced,  that  these  arc  crudely  made,  rough  on 
the  surface,  impcrfecUy  welded^unequalin  thickness,  and  covered  "w4th  hajnmer 
marks.  These  defects  are  traceable  to  their  having  but  httle  iron,  and,  as  a 
consequence,  being  comparntivcty  ignorant  of  the  art  of  working  it.  The 
Age  of  Iron,  of  wMch  poets  have  ^siilten  so  disparingly ,  is  not,  then,  after  all, 
the  hardf  unfeeling,  cold  material  age  which  they  have  visioned  forth ;  but  is 
one  of  increased  comfort  and  happiness  to  the  thousands  who  hve,  move, 
and  work  under  its  benign  auapicea<    England  witliout  her  iron  would  only 
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0tiGiip7  aa  inferior  positiou  among  tlie  natioQs.    Take  from  her  ker  railiouds. 
H'liich  epread  lite  net-work  over  tho  length  and  breftdUi  of  the  iiind  ;  ker 
looomotives  wUicli  traverse  them  j  her  enormous  iron  tubes  which  span  tie 
^atnariea  of  the  Meiial  aud  tlie  Conway ;  her  iron  steamerSp  which  hrtilge  the 
seaa ;   hetr  ^ttttiouary  stoatQ^agmes,  which  Gudow  with  vitality  millioP3  of 
Bf^indles  in  LaDCOshiro  alono,  and  givs  iiio  and  motion  to  thousasds  of  iu 
gemona  machiaee  in 'SVarwick&hire  and  Stal^'ordshire ;  her  Crjatai  l^ace, 
which  gUstecB  in  tlie  morning  son  on  the  heights  of  Sydenham:  without  her 
iron,  nntllled  would  remain  much  of  the  laud  on  the  surface  of  the  globe ; 
Tank  Tegi}t£Ltii>ii  would  cover,  chokia  np,  aad  place  iw  limit  to  the  f^rtiUtj  for 
useful  purposes  of  tlie  fairest  regions  of  the  earths  aurface:  tho  ore  wonU 
sleep  in  tlie  durkness  of  the  mine — the  wild  beasts  of  the  forest  room  over  the 
prairie  find  prowL  in  the  jungle,  contesting  their  empire  witJi  tliat  of  man 
liimself  j  milhona  of  doors  would  remain  unfastened  j  thotiisand^  of  nppUaneeB 
wiiich  are  used,  and  are  now  csecntial  ahnoat  to  the  very  exi^iteitce  of  man- 
kind, would  be  denied  tliom.     In  the  production  of  those,  Kngland,  thanks  to 
tho  abundance  of  her  iron,  hae  so  Bucceedcd  in  acquiring  tlie  means  of  cheaply 
making  tliem,  as  to  secui'e  a  market  fotr  her  producU^  in  that  material  in  evez^- 
quarter  of  tlie  world.     With  these  rDmarks,  we  proceed  to  direct  attention  to 
the  manipulation  as  employed   in  the  making,  manufacture,  and  practical 
application  of  iron  to  tlio  pmallcr  articles  for  HAe  and  omamont  formed  from 
that  invaluable  metal. 

]fl[anl]^ulaUoii* — Iron  mny  bo  worked  in  two  different  ways ;  namely, 
it  ma}'  be  nm,  when  melted  iiito  a  fluid  state,  inEo  spaces  formed  in  ^und  by 
the  use  of  patterns  or  moulds,  whidi  leave  tlieir  impress  in  it;  and  in.  its 
malleable  atata  it  may  be  hammered  or  forgtd.  In  either  cass  a  considerable 
amount  of  manipulatire  skill  l^  required ;  and  just  in  proportion  to  the  prOiO- 
tical  knowledge  and  skill  of  the  workman  employed,  ia  tha  exoellenoe  of  th^ 
workmanship  produced. 

At  page  ^U3  will  be  found  a  jLtenerat  description  of  the  process  of  (bunding 
and  moulihng  in  the  various  branches  of  opc^n,  green,  Hnd  dry  sand,  aa  oIao 
Uie  formatiun  of  loam  moulds ;  the  nic^ods  therein  described  give  on 
ezcellant  idea  of  the  principles  of  moulding  employed  in  tlie  formation  of  th« 
larger  examples  of  iron  oasling^. 

The  cHsting  and  moulding  of  anaoller  works  ia  performed  in  identically  the 
some  manner,  the  only  dill'erenco  being  the  adoption  of  a  finer  sand,  and  in 
greater  attention  being  paid  to  the  "facing.*'  Wlien  the  oiijoct  desired  is  of 
an  oruamenial  kind,  its  surface  is  covered  with  minute  details,  the  result  of 
the  united  labour  of  designer,  saodeUer,  and  chaser.  In  Chapter  X.  ilie 
works,  the  moulding  of  which  are  therein  deaeribed,  are  large,  and  requira 
soUdi^  rather  than.  smoothncsB  of  skin  us  a  first  requisite  :  for  such  the 
patterns  are  fbrmod  of  wood ;  hut  for  smaller  and  more  oruEuaantal  oasttngB, 
th«  models  or  patteniB  aro  usually  made  of  block  tin,  asiy  alloy  of  tin  and 
lead,  or,  what  is  better  stilli  of  braas — the  advBntJiges  possessed  by  the  latter 
material  over  the  first  being  its  hardness  onud  its  fltncss  for  preser^'ing 
the  '*  mnttiitii "  or  **  chawng  "  when  such  is  introduced.     It  also  OA^sts  in 
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letaming  tlie  sLarpnege  of  the  edges  of  the  oLnainent  uiidor  tlie  abrasion 
ftnslrti;;  from  its  frequent  remoTa]  from  the  sand  ;  and  m  patterns  of  a  Blender 
tnd  delicate  Icind.  it  is  less  liab!^  to  tho  distortion  which  would  follow  any 
Mcidental  blow  which  it  might  receiT©  while  nndergoing  the  proceaa  of 
moulding.  Brass  is  al^o  stiperior  to  iron,  »a  hemg  less  liable  to  gweating, 
1ms  liftbls  to  Gficourage  thfi  damp  nrising  from  the'  eand  In  t!i6  fofmntion  of 
the  mould,  and  which  induces  the  adheaion  of  the  SFind  to  the  model — a  con- 
tingency  which  it  is  well  to  oTold  0.3  much  ns  poBaible.  Every  iron  founder^ 
I  howoTer,  bas  in  his  pttltem^room  n  cortsiderable  amount  of  Talue  in  iron 
patterns,  wliich  if  made  of  brass  woiild  form  n  very  considerable  amomit  of 
eank  capital:  this  consideration, doubtless,  determines  in  many  Inst^inces  the 
adoption  of  iroD.  Another  kind  of  patters  is  formed  of  wood,  with  the  orna- 
mental portioiia  of  metal ;  these  are  Etuck  on  the  wood  foiuidntion  with  spikes 
or  screws.  It  may  he  here  remarked  that  ornamental  pattema  of  metal  fox 
gr&tc  or  ^ove  fronis,  fenders,  and  railings  of  rarioua  kinds,  are  not  ustially 
nuattedj  but  require  to  be  made  smooth  by  a  scraper.  By  whatever  means. 
or  out  of  whatever  material,  the  pattoms  or  models  ore  made,  their  end  aud 
intention  are  the  satne,— ti:;.  to  form  an  impression  in  the  sand,  a  matrix 
or  cavity  into  which  the  melted  metal  la  to  run. 

In  conaidermg  the  casting  in  copper  nnd  its  alloys^  the  rarioaa  proceBsea 
pnrsti^d  in  ttie  constrdction  and  preparation  of  tlie  moulds  or  pattema  of  an 
ornam^ntAl  kind  will  bo  explained  at  leoglli ;  for  the  prescntwe  will  presume 
that  the  pattern  is  made  and  placed  in  tlic  hands  of  tho  mouldcrj  whoso  part 
it  is  to  take  a  perfect  copy  ftom  it-  There  ia  htlle  difficulty  in  accomphshing 
tlti^  if  the  Bnbjcct  is  of  a  simple  kind,  such  as  an  ornamental  panel  in  low 
relief,  with  every  portion  of  the  ornament  tapering  outwards,  and  presenting 
no  portions  which  are  either  quit©  perpendicular  or  overhanging :  perjiendica- 
larity  increases  the  difficulty  of  removal,  and  overhanging  portions  tear  the 
Bund  away.  AVhere  the  sabjeet  is  in  alto,  or  full  relief,  ns  in  fi^irca,  animals. 
foliage,  or  Gowcre,  there  is  great  diiflenlty,  Etnd  a  very  eoneiderable  amount 
of  skilful  TOonipnlfttjon  required*  in  tmlh,it  can  only  be  accomplished  by 
ixtrreAElng  the  number  of  pieces  nf  sand,  or  building  up,  bit  by  bit,  the 
mould  by  means  of  whnt  is  teclinically  called  "  false  cores:"  what  these  are 
will  be  best  understood  by  referring  to  tho  cut  of  tJio  pulley  moulds  at  page 
a06.  It  will  there  be  seen  that  the  cavity  or  grooTe  in  which  the  cord  is 
intended  to  work,  could  not  be  taken  from  the  Gimd  in  the  mould  were  it 
simply  imbedded  in  the  sand  of  a  two-part  casting  box,  and  were  tlic  pattern 
in  one  piece, because  it  could  not  be  removed;  or  in  the  removal  that  portion 
of  tlie  sand  which  fiUs  the  groove  in  the  mould  would  bo  torn  away  in 
Attempting  its  rdeasc^  and  instead  of  a  groove  we  should  have  a  sobd  mass 
of  metal:  this  is  obviated  by  the  construction  of  the  pattern,  which  is  in 
two  parts,  separating  in  the  centre,  and  fitting  together  by  means  of  a  pin. 
The  sand  which  forms  the  mould  is  in  three  portious  or  masses,  two  of  wliich 
form  the  parts  oorresponding  to  the  sides  of  th&  pulley,  and  tho  tliird  the 
groore.  It  ia  by  the  multiplication  of  separate  portions  of  sand  or  **  false 
oorets  "  corresponding  to  that  which  forms  the  groove  of  the  pulley,  that  the 
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moulding  of  complex  c&sdiigs  of  an  ornamcutAl  kind  i«  effected.  If,  for 
exjunpk.  we  desire  to  produce  n  mould  from  a  figure  m  full  reUef.  when  thQ 
drapery  represented  is  in  deep  folds,  and  tbe  arms  stand  out  from  the  body, 
it  must  be  evident  tliat  at  tlie  ddes  the  sand  woold  be  tam  awa^  hj  the 
folds  of  tbo  drapery ;  and  the  same  result  would  follow  with  tlint  portion  of 
the  finnd  TrhlcL  Mlcd  tip  tho  space  between  the  arms  and  the  body:  i]m 
ia  obviated  by  tlie  psittt^ru  being  so  constructed  that  it  can  eofily  vnd  readily 
b^  put  together  or  Inkcu  to  pieces  whon  in  the  aaud.  The  drapery,  Again, 
pidsenta  an  obstruction  ;  hut  h^re  the  "  false  core"  jeystem  cornea  into  pldyi 
and  piece  after  piece  of  sand  is  added,  until  the  whole  of  the  patterti  or 
mould  is  covered.  The  consistency  to  which  the  sand  is  brought,  and  ita 
oohesive  properties,  permit  of  the  separation  or  Hfling  away  of  these  "  false 
cores,"  and  the  removal  of  the  pattern ;  when  these  are  again  replaced 
in  tli^ir  proper  situations,  and  tlie  mould  closed.  The  careful  joining  of 
these  "  coroa"  is  a  matter  of  very  great  importance,  in  order  to  secure 
good  work  with  as  little  rougbnesB  nt  the  junctions  of  the  B«Teral  sepsjate 
pieces  of  Bond  as  possible.  Tlie  steadinoBS  of  these  cores  when  Uud  in  is  ako 
a  matter  of  moment :  did  one  of  these  project  loo  much  into  the  matrix,  a 
hollow  or  imperfection  would  be  sliown  in  the  casting ;  on  tlie  contniry ,  were 
one  of  tlLCBc  to  move  accidently  too  far  back,  when  the  box  is  prominently 
closed,  QL  rotundity  would  be  the  result:  in  either  case,  there  would  be  an 
imporfection  in  Uio  cuLsting, 

lu  omamentai  examples  of  iron  casting*  it  is  much  more  necessary  that 
these  should  be  CAfit  mor«  together  or  complete  than  m  QiUiet  brass  or  bronze 
casting.  In  tlie  latter,  separatfi  pieces  may  be  attached  by  means  of  hAid 
solder;  but  the  iron- founder  cannot  apply  hard  solder:  he  con  only  have 
recoui'se  to  luns  or  screws  to  form  his  attacliroeuts  where  he  casta  his  work 
in  pieces.  If  we  take,  for  example,  tlie  model  of  a  horse  or  stag  standing 
upon  its  four  legs;  iu  either  oase,  the  tnmk  of  tho  animal  could  be  cast 
separately,  tlic  legs  also  separately^  fl^d  these  might  bo  si^rewed  into  ttioir 
proper  places.  For  purposes  of  sale,  no  doubt  the  above  method  is  bj  far  the 
most  economical  of  time :  but  viewed  as  a  bonaJkU  cxemplili cation  of  the 
moulder's  eirt — and  this  is  wliftt  is  being  Filmed  at — ^the  attachment  of  the 
extremitieB  by  moons  of  screws  takes  away  frumr  and  reduces  very  consider- 
ably, tho  merit  of  the  work.  Iu  the  admirAble  coatings  of  im  ornament&l  kind 
])roduced  by  tJic  Colebrookdalo  Company,  and  of  tlio  smaller  class  of  work, 
ns  mn.ny  ftfl  1  dO  cores  are  used ;  and  the  time  consumed  iu  the  preparation  of 
the  mould  extends  to  eight  or  ten  days  in  each  case.  One  of  the^  cor^, 
introduced  in  a  careless  manner  out  of  its  proper  posidon,  would  certainly 
render  valueless  all  tJie  lime  and  labour  expended.  To  produce  good  cast* 
ings,  the  principal  requisites  are  these : — A  good  and  well-made  pattern ;  if 
ornamental,  or  where  there  arc  parts  in  full  reUef,  that  these  parts  should 
be  so  made  that  they  may  be  alike  easily  removed  and  replaced,  and  at  tha 
presc'Ht  time  eliow  no  marks  nt  their  Junctions;  that  where  prints  Ar« 
introduced,  in  order  to  rest  cores  upon — not  false  but  real  cores — such  as  servo 
to  lighten  the  costing*  as  in  the  body  of  a  horse,  whiffli  mny  thus  be  casl  hollow. 
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such  corea  reqtuxe  to  be  bo  much  smaller  iu  every  direction;,  as  to  produuij 
tbe  thickness  of  th^  metal  deeired,  on  its  bcittg  run  mto  the  space  left 
between  the  core  and  tlje  outer  impression  produced  bj  the  pattern. 

It  is  necessary  to  obsen^e  that  these  prints  are  so  placed  as  to  allow  a 
BGCore  rest  for  the  core  kid  in  them ;  the  sand  should  be  of  u  line  tenacioua 
qtiftlity,  whicht  when  preHsed  into  the  Mcmlding-box^  will  cohere  together, 
mi.  at  the  siime  lime  allow  the  damp,  Ti^hich  ia  generated  by  the  heat  of  tho 
melted  metal  poured  into  tlie  moulds,  to  escape.  The  workman  must  ba 
poflsofised  of  pntience  mid  perseTeroiice,  of  much  mechanical  ingenuity,  so  as 
to  be  able  to  detect  the  cauBca  uf  failure  when  the  pattern  does  not  leave 
the  fiiAnd  in  a  smooth  manner.  Any  tearing  away  of  the  edges  of  the  mould, 
Uie  skilful  moulder  will  at  once  perceive  has  arisen  either  from  his  negligence 
is  sinkiiig  tlse  TOodol  below  its  proper  lino,  or  from  on  error  on  the  part  of  the 
pattern-maker.  TliJs  error^  once  detected  and  corrected,  ahould  not  occur 
a^n,  and  be  nttHbuted  to  the  modeller. 

The  method  more  commonly  in  use  in  iron  eastings,  where  a  smooth 
eor&ce  ia  deaired,  is  to  "  face"  tlie  mould,  aa  it  is  technically  called  by  the 
workman  ;  that  is  to  say,  cover  ilic  pattern  ii-ith  a  layer  of  fine  Band,  known 
as  ^'  facing  sand ;"  the  remainder  of  tlie  box  being  Mled  up  with  a  sand  of  ft 
coarse  and  freer  conaistency,  which  facilitatea  tbe  escape  of  air.  In  addition 
U>  this,  it  is  not  unusual  to  remove  the  pattern  or  model,  and  dost  the  im- 
preasion  with  powdered  charcoal— a  charcoal  fanned  from  burnt  wood,  and 
very  finely  ground ;  to  re-introduce  the  pattern,  and  apply  additional  pressure ; 
and  after  finally  removing  tlie  pattern,  increased  Bmoothness  of  Burface  and 
iineneaB  of  texture  will  be  found  to  be  the  result  of  tliia  pracdoe.  In  our  own 
experience,  we  have  eeen  many  excellent  and  valuable  CBstings  Bpoiled,  and 
mnch  valuable  time  wasted,  by  neglecting  to  provide  free  exit  for  the  air  and 
moisture.  Another  defect  in  castings  not  unfrequently  arises  &om  what  ia 
eoUcd  the  *'  washing"  of  the  sand :  i,  e.  the  sand  not  being irufficiently  tcnaciouB 
or  adliesive^  the  sharp  edges  of  the  impression  are  carried  away  or  defaced  by 
the  action  of  the  fluid  metal  in  its  progress.  The  consequence  isi  tliat  in  addi- 
tion to  a  want  of  alinrpnesa  in  the  cast,  tliero  is  a  roughness  arising  fram 
the  minute;  particles  of  sand  ho  washed  pitting  the  surface.  These  defects 
would  be  at  once  recognized  by  a  competent  judgi,  and  the  casting  in  which 
they  were  evident  would  be  at  once  rejected.  The  old  method  of  casting  such 
articlea  as  Btove-fronts  and  portions  of  fenders,  witli  a  two-part  box  or 
monlding-flask^namely,  filling  up  the  first  hnlf,  laying  on  it  the  pattern  of 
ancfa  articles  as  have  already  been  named,  and  after  Uke  application  of  the 
parting  powder,  making  up  the  second  half  of  the  box  or  fiask — ia  n  process 
which  had  long  been  practised  witliout  improvement,  until  very  recently, 
when  Mr.  JobRon,  of  Dudley,  invented  and  patented  a  metliod  by  wluch  tlio 
mostlding  nf  simple  ornamental  cagtitiga  wa»  reduced  to  an  operation  of  the 
ittmoct  simplicity ;  greater  accuracy  being  also  f^ectured,  and  die  perfection  of 
the  mould  very  much  increased,  the  caatlngs  produced  therefrom  having,  at 
the  same  time,  less  "  fin"  or  roughness  at  the  edges,  and  more  uniformity  in 
thlclmesB ;  while  tlie  chances  of  bad  caetings  are  very  much  diminiahed.  The 
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fonnatioii  of  tha  mould  by  this  process  may  be  conJidcd  to  a  very  ordiu&ry 
workman,  who  has  simply  to  ftU  in  and  beat  the  jwnd  into  the  liEdf  knes 
placed  on  the  eurfaco-blockB — tlio  one  corrcsi^onding  to  t}ie  front  tlie  oUiex  ; 
to  the  Ijack  of  Uie  casting.  No  care  ia  required  to  Becjwe  the  saie  remoral  (rf  i 
Die  pattern,  as  it  is  8tationar)%  and  the  t^'o  parts  of  the  l>ax  hoxe  giicply  to 
be  placed  together  when  completed.  As  the  improvcnient  ia  «n  impoitaa^ 
one.  we  give  the  prooeaa  in  e^tcnso. 

In  the  ordinary  phm  of  moulding  ^Ith  "  odd-sido  boxes,"  the  pattern  finun 
which  the  cttstiiipia  ta  he  made  ja  im^hoddGdpm*tly  in  tho  Rftnd  of  th©  top  box, 
or  in  an  odd-side  board  prepared  for  Iho  puipoae ;  tlie  bottom  box  is  then  placed 
upon  it,  and  rammc^d  full  of  sand*  imbedding  the  rest  of  the  pattern;  Lh« 
boxes  tuQ  then  turned  over,  and  the  "  top  box"  or  "  odd-side'*  lifted  eff, 
leaving  the  pattern  in  the  sand  in  the  bottom  box ;  ''  partmg  Band"  is  tlien 
appUcid,  and  onotlier  top  has.  raiutned  upon  it,  the  pattern  etill  remaining 
bctwci^n;  tho  boT^es  are  than  separated,  t3i^  odd-^ide  is  again  put  on,  the 
bottom  box  turned  over,  and  tho  pattern  left  upon  the  odd-sido.  After  the 
impression  of  tho  pattern  in  tha  sand  of  tho  two  boxes  has  been  codplelei, 
and  any  damage  done  in  rGmoving  Uie  pattern  repaired,  the  top  box  ia  again 
placed  upon  the  bottom  one  in  its  original  position,  and  the  prepamtieiix  for 
costing  is  complete. 

When  the  pattern  is  long,  and  very  thin  and  intricate  (as  in  the  ease  of 
an  ornamental  fender  jiont] ,  ivhere  tlie  geneml  aurfnce  is  nko  currDd  or 
"  tvinding,"  as  in  Fig.  0^,  the  diMciilty  of  picking  out  the  pattern  trom  Hub 
mould  is  %o  great  as  to  require  the  most  skilful  workman ;  and  thci  length  of 
time  required  for  repairing  the  injunca  of  tiie  mould  is  such  that  eight  seta 
of  fender  castrnga  per  day  is  tlio  general  limit  to  tho  nnmbcr  that  can  b« 
moulded  by  a  man  and  boy.  But  however  difficult  a  pattern  may  bo  to  mould 
in  the  ordinary  way,  if  it  ia  arranged  to  "draw"  properly  from  the  nuiidd 
by  the  new  process,  the  labomr  ia  very  little  greater  than  with  an  e&ay  pattera ; 
and  the  saving  of  time  is  bo  groat,  that  oa  many  as  thirty  per  day  are  mnnlded 
by  a  man  and  boy,  being  four  time$  the  number  that  the  best  motilders  can 
produce  by  the  ordinary  plan. 

When  the  pattern  is  lon«  and  Blender,  it  ia  liable  to  be  broken  by  the  fre- 
quent handling  to  which  it  is  aui)jected  in  tlie  ordinary  process  of  moulding. 
and  the  expense  and  delay  caused  by  such  hreokago  is  of  Borions  c 
sequence  in  hght  omiunenttj  work,  wJiere  the  patterns  ore  often  tqtj 
mve ;  by  the  new  plan,  howevcr,ibis  is  entirely  svoidod,  as  the  pattern  ia 
handled  at  all.  except  in  the  original  process  of  moulding  to  form  the  nun- 
miug-bkcka.  When  Uio  face  of  the  costing  is  required  to  be  porticulArly  well 
finished  (as  in  the  caae  of  oruamcntal  work),  a  brasa  or  other  metal  pattern  ifl 
prepared  and  dressed  up  to  the  degree  that  may  be  desired  in  the  castings, 
and  any  chasing  or  ndditionol  ornament  put  upon  it;  then,  after  forming  the 
ramming-blocU  for  the  bottom  box  by  a  plaster  cast  &om  th«  pattern  in  the 
manner  hereafter  to  be  described,  the  patteni  itself  is  ma4e  to  fona 
the  permanent  face  of  tho  ramming-block  for  the  top  box  (n^  in  Fig, 
96).  by  loa^'ing  it  in  tlie  mould  when  the  plaster  is  poured  in,  so  that  th» 
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forma  nierelj  tlie  parting  faca  atid  a  solid  back  to  the  pattern.    In 
the  iron  pattern  is  fiecnred  to  tho  crossb&ra  of  the  boic  hy  scTCral 
lis,  screwed  up  to  phibes  at  the  back  of  st ;  bo  that  whon  tho  plaster 
in,  filling  up  tho  whole  vacant  space  of  tho  box,  and  eettiiig 
solid  RToiind  these  bolts  and  over  the 
nnt3,  tlie  iron  pattern  becomes  so  firmly 
sgctired  in  the  box  tliftt  no  rainining  or 
moviniLjto  whichitia  CLfLerwards  subjected 
has  any  chance  of  loosening  it, 
process  mil  be  better  understood  by  referring  to  the  annexed  wood- 
fherein  Fig.  W  shows  thia  piittcm  attfuched  to  the  Burfoce  of  l3ie  ram* 
lock  or  bed;  from  this  is  made  th«  omamontal  face  of  the  casting, 
shows  tho  ramming^block  for 
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ifc  part  of  the  cftsting ;  Fig.  100,  the 
rts  of  the  mould  closed  tofjether ; 
g,  lOif  tha  section  of  tlie  monhb 
kowing  the  arrangement  by  whicli 
parta  of  the  box  ore  held  stoiidily  together,  and  by  which  they  ftro 
register  correcUy. 
this  p!aii  the  mould  for  the  feco  of  every  eristing  13  formed  from  the 

oiisinEil  metfll  pattern,  and  tlie  pattern 
itself  is  iirmly  and  permanently  secured 
in  the  plaster  bed ;  so  that,  however  thin 
anddelicatoitmaybe,  there  is  no  risk  of 
injury  to  the  pattern  in  moulding  any 
number  of  casting ;  as  many  as  3000  have 
been  cost  without  injurj'  to  even  slender 
patterns  byttiis  process.  In  forming  the  ramming-blocks,  common 
*f  Paris  is  most  jrenerally  employed,  as  beinp  tlic  mnst  convenient  and 
Ileal  materia],  and  is  found  tp  be  sufficiently  durable  for  general  work; 
'  as  4000  caatings  have  been  moulded  from  one  pair  of  pkater-blockB. 
greater  number  of  castings  are 
1  to  be  moulded  from  otto  pat^ 
when  tlie  size  or  nature  of  the 
rendera  a  harder  faco  advisable,  n 
e  is  employed  for  the  ramming* 
the  bottom  box,  or  for  the  part- 
e  of  ono  or  both  blocks.  Thia 
led  simply  by  running  into  tho 
When  prepared  for  tlie  plaster,  a 
wrtiou  of  metal,  congistiiig  of  ^inc  liardened  witlt  about  a  fifteentli 
tiD,  sufficient  metal  being  iiscd  to  form  a  strong  plate  for  the  surface 
Tamming- block,  and  tho  rest  of  tho  space  at  the  back  filled  with 
as  usual.  In  practice  it  is  moro  convenient  generally  to  revei*se  tlie 
running  tho  metal  face,  by  first  ramminj^  the  box  full  of  sand, 
pareil  for  the  plaster;  then  lifting  It  off,  paring  off  the  surfitce  of  the 
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iuiiiiiir,Mili;('ks  !)re  vjimislieil  wlu-n  • 
nioiiMiii;.'  tV"in  Jlicin,  tli*'  fares  of  tlu' 
t(»  pri'Vi-iit  iidliisi.-n  «»1"  tin/  saml.     ] 
advantaj^c  olR-rt'tl  liy  lliis  syst<'i»  of  jn 
rcquirc'd  over  tlio  procMss  Air  the  first 
xnctliud.    In  addition  to  the  above  ad^ 
visiou  is  made  for  insuring  Rtoadincs: 
closed.   Instead  of  four  romid  plus  fitt 
lugs  attached  to  the  boxes,  as  is  conim 
studs  or  Hquaro  })ii)s  arc  cast  on  each  1 
corresponding  projections  on  tlic  edge  o. 
only  fitting  necessary'  in  making  tlie  nc 
of  the  pins  so  as  to  fit  one  standard  to 
boxes  to  bo  fitted  to  a  corresponding  or 

An  additional  advantage  secured  by 
by  tlio  old  process  011I3'  one  side  of  tlu 
is  in  use ;  by  the  process  just  describi 
pattern  may  bo  earned  on  simultanoo 
new  process  gives  over  the  older  motl 
articles  are  required,  is  so  obvious  as 
the  belief  tliat  sufHcient  publicity  has 
US  to  notice  it  at  this  lengtJi,  conceiviuj 
profitably  employed. 

Berlin  Xxon  Castings. — But  proba 
examples  of  castings  in  iron  will  be  foun 
Here  we  may  remark  how  enormously,  b 
material  is  increased.  It  has  been  sh 
work.  '*  Tlie  Economy  of  Manufactures." 
whiclt  governs  the  >ibrati(ins  of  tb«  '"^ 
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groftt  beauty  und  ^Ttquisite  Uetiii]  wliicli  is  oli«pn*til)l(5  in  tsome  of  tlieae  cost- 
ings i&  due  nliJjEe  to  the  extreme  purity  and  Utiiditj  uf  ilie  metal  out  of  wkicli 
Ukey  lue  cast,  and  skilful  motikliii^. 

The  French  chemist,  Damfts,  has  ascerloined  the  presence  of  phosplioma 
and  ftTSdnic  m  tbe  iron  from  which  they  tire  east.  The  former  material,  it  la 
weE  kno^TD,  is  fftvournble  to  tiuiditj  when  incoq>orated  vritli  Uio  melted 
iTDn :  it  also  impavtR  to  the  iron  with  wliicli  it  is  mixed  ei  considemble 
dcgite  of  hardness.  Tlitse  onstinss  are  never  made  from  the  first,  but  from 
the  eecQud  meltiug  of  the  metal ;  the  proiit  point  aimed  at  beiii<^  to  pet  rid  of 
tlie  carbonoceons  particles  tv-hich  ahviiy^  render  tlic  surface  of  iron-coa tings 
more  or  lesa  rou'jli.  The  matilila  for  tliesv  castings,  according  to  the  siuno 
ftiithority,  arc  formed  of  clny  or  arfj^illticGoua  aond. 

Frnra  Ehretiberg,  ivlio  read  ft  learned  pnpcr  upon,  tho  Btibject  beff^ro  tlie 
Acruleiuy  of  Soiernjt'B  At  Berliii.  wo  patjicr  some  additional  particulftra  worthy 
of  itotico.  He  etatea,  that  the  bo^-iron  ore  of  which  tlie  Tiorliu  iron^^astings 
art)  iiindc,  hnd  its  orip;in  in  oucc  livini*  and  breathing  tJangr^,  which  fed  ou 
plants  and  had  the  po^iver  of  motion — Hn  animnlcnlc  wliich  bids  defianco  to 
the  action  of  one  of  the  strongest  acids  used  in  tlie  mauufactory,  viz.  muri- 
atie  ftdld,  rotainiiig  it-a  vitality  when  immersed  tlvereiiL  Tliij  moulds  in 
which  tiieae  omamcnla  arc  cast  nre  ftUo  made  from  tlie  (organic  remains  of 
ammals,  tbeir  shells  forminfj  Tripoli,  or  ordinary  polishiJig  powder.  Many 
of  thcac  casting  are  as  thiu  as  sheet  steel ;  thereby  demonstrating  ftUke 
the  extremely  Jhiid  Htale  to  which  the  metal  mnst  have  been  reduced,  the 
fitn^A  of  the  aand  to  take  the  imj>ros3  of  tlie  deUcate  mould  or  pattern,  and 
tlie  irr«.'al  pLill  of  the  artizan  who  prepared  the  mrrnld.  "Where  chains  are 
produced  in  Berlin  eflstiiij*g,  the  central  rosette,  which  forms  tbe  ornamental 
portion  of  the  Unit,  i.*  the  only  part  really  cnst^  the  loops  fonninfr  the  con- 
uccLiou  lieing  of  wire  bent  to  form  and  laid  into  the  prints  provided  for 
them  in  tlie  mould ;  in  thiit  fitate  tlie  metal  to  form  the  roaette  ia  run  in. 
fills  the  irapreasion  of  it.  and  Burrounda  the  prints  or  ends  of  the  iron 
hoops,  lbn»  formin;(  the  link — tivo  of  which  being  Iftid  nt  a  proportionable 
distaiirt;  in  the  mould,  and  a  cotinecthi^  link  behi^^  moulded  mth  a  core  in 
it  betn'eon  tbcsc,  on  the  metalbeing  poured  iu.  tbc  space  not  occttpied  by 
tlie  wire  js  llUed  Anth  nictnl.  After  cooling,  mid  the  core  being  destroyed, 
the  iron  hoops  ntlached  to  the  rosette  will  be  found  encircled  with  the 
conuoetiiig  Yink,  perfectly  united  together,  and  free  to  move- 

iiulUaplTel  in  his  work  rclat-ep  an  example  of  cliain  costing  executed  by 
a  (Jfrman  workman  at  the  Hnyle  Foundry  in  Corawnll,  in  which  every 
porlionof  the  Unkn  was  cast:  its  length  was  nearly  five  fret,  it  wns  made 
up  of  IHO  links,  and  weighed  a  little  more  than  1^  oss.  In  it  the  links  were 
coat  si!piirfttL'Iy ;  a  solid  modtd  of  t]ie  ciiaiif  was  then  made  a  few  inclics  in 
Icngtli,  with  core-printd  corrcspondinp  to  tlic  npertiirea  of  the  connectinji 
links  ■  the  links  already  cast  wore  laid  in  their  ftppropnnte  places,  after  bping 
ftrnttki^d,  in  nrdtT  t"  prevent  their  ndhefiiou  or  fusion  when  tlic  melted  mctad 
whirli  wa«  tt>  fi.rm  the  connecting  links  wna  mm  in,  **gnt8  "  or  paBSages  being 
m«do  to  tliv  prints  of  the  connecting  links  by  which  to  mlrodu<;e  tlie  meltvd 


fiOO 


BESLIM   IRON   OHAtH    WOUK. 


n 


^  CBl 


metnl;  iEieboxbGiii^tli&DeIoseditLetDetalwASpotu*eiiii].  On  opening  tlicboxt 
the  choln  is  completely  fonmjdi  rcttcii1ftl«d  freelj,  and  ia,  at  the  same  time, 
finolj*  united  togetliBx  :  a  larye  ani}  ?niall  link  of  tliis  chain  weighed  ftbout 
eight  grainfl !  To  understand  the  process  of  tho  foimation  of 
Bcrhn  iron  chain  work,  reference  may  be  made  to  Fig,  1 02,-ivhicU 
shmi's  a  linlccomploto  ;  tlie  omam^pntal  cpntre  be- 
rstf.  103.  ^p  crtst-iron.  tlie  tvro  loops  or  circloBhcinp  forTn<?(l 
of  TTirc.  FifT.  103  shows  the  section  of  a  Jink,  hj  whic3i  it  will  iiK-  loa. 
1)fl  sfen  Ihiit  the  vrire  loops  are  imbedded  m  t]ie  iron  "^^lucli  forms  the  centre, 
TLi»  ia  elTtieted  by  the  palternof  the  omroitcnt  having  a  pritit  or  the  two  loops 

in  addition  to  the  centre:  theTtirc  loops  BB  have 
their  ends  sufliciently  long  to  project  into  the 
fipaco  to  bo  filled  with  irom  to  form  tlie  orna- 
lucBt ;  the  metal  being  run  in,  tlie  wire  hoops 
are  securely  held.  The  means  by  whidi  these 
are  connected  together  and  the  chnin  formed^ 
are  shown  in  Fig.  1 04,  wherein  is  represented 
two  omiLincntnl  links  BB.  vr\ih  the  pattern  of 
tlie  connecting  link  indicnted  by  Uiq  £at 
horizonlBl  hand,  cind  Bhown  in  Bection  at  0.  CC  ia  the  core  print,  bj 
meftua  of  which  the  connecting  link  is  cast  hollow;  ^vhen  Inid  in  tlie  posi- 
tion represented,  and  tlie  coro  CC  placed,  runners  for  tlie  introduction  of  the 
natjtftl  are  madct  the  box  closed^  and  t]ic  metal  is  nmin.  If  the  operation  has 
been  carefully  conducted,  a  peifect  union  of  tivo  links  vill  be  tlie  result :  in 
addition  to  beinp  connected  to^et^ier*  the  three  links  will  move  freely  within 
eecli  other.  It  is  sonieirliat  nmusing  to  contrast  these  minute  eafitincfi  in  iron 
with  the  enormous  cDBtin^  whiLdi  forraed  tbo  cylinder  of  tlie  hydraulic  press. 
Ivrenty-two  tons  in  weiglit,  which  n«8J&tcd  in  heaving  up  into  ndd-air  the  tube 
which  the  genius  of  Fairbaim  designed,  and  wlucli  now  bridge  the  Henni 
Straita. 

The  history  of  tliie  inj^eniouB  manufacture  is  identified  tritli  the  stmpgles 
of  the  people  by  -phoni  tliey  elto  chiefly  produced,  to  rescue  their  country 
from  the  iron  grasp  of  Ka]Hi]eon.  Tlie  jewels  aud  trjnUets  of  gold  m  (lie 
posaesfiion  of  tlie  nobility  were  Ecnt  to  the  ^mtioiial  treaBurj*,  and  meltod 
down  to  pay  an  army  for  its  defence :  and  in  exrhflnge,  rings  and  other 
tasteful  omnnaents  were  supplied,  beitring  tlic  inBcriptiout  "I  (Tk^c  j^old  for 
iron."  Many  of  tlicso  objects  are  still  preser^'ed  ns  precious  heirlooms  in 
families  of  diatinction.  The  impetus  ijircn  to  their  manufactnro  hag  not,  ho^w 
ever,  been  without  ita  evil  effects.  Yen'  inferior  articles  are  now  produced, 
and  few  examples  are  to  bo  met  witli  cfiiia!  In  the  productions  of  on  earlier 
period:  tliis  is  ottiibutiiblo  to  the  oHginnls  liavinp  been  copied  by  inferior 
manufacturers.  AYIiilc  some  fire  inclined  to  attribute  the  i^eat  excellence  of 
earlier  examples  of  Berlin  castings  to  the  quality  of  tlio  iron.otlicrs  aaciibe 
it  to  the  sand  or  clay  in  which  the  moulding  o]ierfltjon  is  performed,  and 
olliera  to  the  skill  of  the  motdder.  It  ia  more  tlian  probable  that  the  three 
cBBcntiala  named  ret^uire  to  be  eonjoinod  in  order  to  produce  a  Buccesaftil 
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result.  The  leaaoiia  ^vill  be  fomid  in  the  fluidity  [uid  purity  of  tke  iron;  the 
litueas  of  tlie  ai-gilluiieous  sand  or  loaia  to  receive  the  niiiiiite  impression  of 
[  the  ormimt^tital  porUous  of  tlie  mmld,  cumbiiiiug  witk  tliat  ([Uality  a.  BufH^ 
deaUy  rutVocCary  cliaracter  to  atiind  tho  heat  of  thci  malted  iron;  D,t  the  same 
time  the  mouldtirs  mu^it  be  AvockoiGii  of  raro  skill  mid  patiBaco.  In  ilicse 
three  requisites,  wa  tliiuk,  lied  the  true  saorot  uf  the  great  aupcriority  of  th^ 
iron  castings  kiio^vii  by  raputo  as  tlioso  of  Berlin, 

BbllB&1il«  IroD  C&aUagB. — 'LiiQ  great  cost  attcndsnt  upon  tho  forina- 
tion  of  smuUtr  objootd  iu  iron,  wheife  uumbera  are  required,  naturally  directijd 
lite  atb^iiitiuii  uf  thij  uta-uafucturer  eugaged  iu  their  production  to  tiome  oieana 
by  whitili  tljc  irou  could  be  more  readily  brou^Lt  iiitu  sbape,  than  by  forginj^' 
from  the  bjir  or  rod  by  tiiB  blackamitU.  IIi^  \vas  invnu^a  Ibat  lor  the  purposi^^ 
oostiug  WHS  by  far  the  readiest  method  by  wliich  Uiia  could  bo  etl'ecttid ;  but 
castkon,  he  knew  from  experitttce,  was  brittle  and  unlit  fur  tlie  piu'poso  ;  but 
couid  he  impart  to  citat  ii'uulhe  property  of  maliyiibiiity — uould  he  succued  iu 
peiidtiriuj,'  it  auft,  pliable*  nud  piuliuJlj  ductilo^  liia  end  wuuld  be  gained.  Siiien- 
tilic  uieu  luld  liiui  tliut  tko  brittleuetiij  \vu.h  owing  to  the  presence  of  eaibon  ; 
la  ^et  rid  oi  tlii^  was  Liio  dceuduratitm ;  could  he  do  so,  the  cast  iron  urlicle 
wouid  be  redut:od  nearly  to  tiio  coudititjn  of  tliut  loriaed  iVom  tbo  wrouylit  ma- 
tcritvl' — destitute  of  libru,  it  ia  true,  because,  not  behig  ^ubjcctt^d  to  the  opera- 
Uou  of  rolling  ur  the  tilt  bummer,  the  Obruus  orraugenieut  uf  the  parLieles  hud 
uut  beeu  evolved.  Hiiviu^  arrived  at  tlds  knowIed<^e  of  Ida  Avuntts,  the  idea 
of  flubjeeting  ca}jt-irt>u  to  iho  auucoUui^  proctj^t  in  iiomediate  cuiitiict  with  a 
substance  wliich  wouJd  operato  in  abbtractiug  tlie  carbon,  gugjjcsted  itself. 
It  la  remarloLble  tliut  the  iron  relucted  for  the  purpoao  of,  aud  beat  fitted 
for»  1>emg  rendered  mulleable,  Is  tliat  which  ijs  hurdest,  most  hrajjile,  aiid 
brittle.  Tiie  rich  Cumberland  iron  procured  from  the  hiematito  or  nodular 
or^  is  that  preferred.  The  ea>ithig:i  are  iniide  in  sand  in  the  way  utsuidly 
prootioed ;  and  iu  order  to  render  the  metal  mtilieable,  it  ia  enclosed  iu  iron 
cyliaders  with  gi'ound  hajiuntite  ore,  pounded  irou-BUmcT  emltliy  scules^  or 
some  other  subutauce  which  ab^iurbs  carbon,  the  cylinders  containing  the 
CAatinga  being  sti>ppiid  up  or  covered  with  an  iron  disu  or  cover,  carefully 
luted  with  clay,  in  urdor  to  prevent  the  cscajje  of  the  surromiding  substauco ; 
tkc  cylinders  are  then  phLocd  with  their  coutcutjs  iu  fiuital>ly  built  furuaces 
or  juurtiea,  aud  subjected  to  tlie  action  of  a  red  heat,  till,  iu  the  jud(jmeiit  of 
tho  anneuler.  t^ie  desirtjd  result  is  attuitied,  Avhich  may  occupy  some  days. 
The  cyliu  Jcrs,  with  tlieir  conteutSi  aiu  then  alluvred  to  cool  within  the  fumflcea ; 
and  when  coo],  tliey  are  withdrawn.  The  tbiiiuer  cosdngs  will  be  found  toi 
be  completely  softened  throughout,  ajid  may  readily  be  beat  into  auy  curve ; 
ollie»  which  are  tliicker,  on  bcijtg  brokeu^  will  be  fomid  to  be  annuakd 
to  tt  couflidemblc  deptli,  and  even  tho  iutorjor  portion  will  be  found  to 
have  pnilicipatcd  ahgbtly  iu  the  auiioiiUug  prooeijs;  ut  dU  events,  tlic  na- 
ture of  tlie  brittle  maUsrial  out  of  which  tbey  were  cuat  will  be  found  to 
liav«  undergone  a  change-  Taking  txdvantagw  of  thia  prjcesa.  numbers  of 
small  articles  which  had  been  previously  produced  from  wrought' iron,  aud 
-which  rcquir&d  a  conaiderablo  amount  of  labour  on  the  part  of  tlie  bkck* 
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smitli,  are  uow  cast.     Among  Uiese  2nay  be   eiiuiueratcd  tlio   butlpl&(«9, 
guarJs,  and  other  portions  of  inelfll  used  in  die  giin  trade  ;  sniifi'ers,  kc. 

In  no  manufacturo  Laa  tUe  jirocess  liftn  more  largely  taLcu  tuivnn- 
ta^e  of  tlimi  in  tliat  uf  saddlcra'  ironmongery.  Stimips,  bits,  the  fiuici- 
ful  Bpiiirs  imported  to  South  Ani<?ricii»  huckk's,  ire,  are  matki  tliercfi'um. 
Very  recently,  an  importation  of  German  tools  startled  tU«  niauufacturcrs  of 
this  country,  by  tlic  extremoly  low  prIcB  nt  ivlikli  they  v^'crc  otfLTJ^d  for 
sale.  On  triaU  how^vei*,  it  wa.s  fovind  tJial  the  pliers,  on  prossiire  beiji*j 
applied*  gaped  at  the  mouth— ihej  refiiaed  to  c;it.  hold,  or  ^ip ;  Uie  cliisobj 
bt^eome  blnnted  ;  the  kaud-ricca  refused  to  pinck  or  kold.  On  c3tainination« 
they  were  found  to  hnve  bc<ju  fonncd  of  nnUJoable  cast  iran,  burdened  aAer 
imdergoing  a  rough  finish  by  grinding  or  smootlnng;  not  by  means  of  tlio 
tedious  process  of  cnae- hardening — that  js,  by  hein^f  f  nclofif  J  in  a  dose  iron 
cos©  iilk^d  with  ekaiTcd  Kuimfil  Bubstance^.  such  aa  leather,  hotels,  hoofs,  or 
burnt  houo-dust,  and  eiibjeclcd  for  some  hourw  to  a  red  henl,  wjd  when 
in  tliis  hoateil  atato,  ]tlmiged  into  oil  or  water, — but  himply  by  heating 
tliem  over  an  open  cbarcoal-lirc,  ond,  wbcn  at  a  dull  red-heat,  spriidtlJr»;Ll  on 
or  rubbing  over  them  the  subfitmicfi  known  as  pi-uBaiiite  of  potash^  ihore- 
after  cooliuf;  them  in  water.  The  snperficittl  cliaracter  of  ibis  Imrtltning 
being  only  aldn-deep,  allowed  iho  iutcnor  of  the  metal  lo  retain  its  jjialkHble 
properties;  but  wlnnever  pressure  or  abrasion  was  npplktl,  the  nature  of 
the  m&tenal  of  which  tljeee  tools  wcro  foiTncd  was  lUsclosed.  For  many 
pirrposoa  the  artieka  formed  of  iron,  CflRt  and  annealed,  i.e.  rendered  malle- 
able, are  very  uRoful ;  and  for  all  purposes  Avhorc  ornament  only  is  aimed  at« 
it  may  be  qneatloned  wlu'thcr  it  mi}^]it  not  be  very  mucli  moi*o  exteuaJTirely 
apphed,  more  pnrticulai'ly  in  the  formation  of  liRht  riuHrif;®  for  ciril  and 
eeclesiastical  purposes,  and  for  omnniontnl  iron  ■n-^rk  generally,  wbere  a  con- 
stdernhle  amount  of  tiniforniity  in  omumeut  is  desired.  The  thamctcr  of 
wrougbt-iron  min^dit  he  given  to  these  r  they  cuuld  he  east  verj*  light,  ren- 
dered Eaallcabie.  and  all  the  liiibiHly  to  frncturo  eemmou  to  ordiuniy  east  iron 
would  be  avoided.  It  oociub  to  iib  thiit  the  applicalion  of  iron  lluis  trtAted 
hfta  not  as  yet  nrarly  realised  Uie  importance  to  uliicli  it  is  entitled. 
Hitherto  the  artieles  made  out  of  ninUeahlo  iron  bave  been  Email  flJid  nniin* 
portant;  tliifi,  in  all  probfihiliiy.  arises  from  the  cost  eonscqnent  ujum  an* 
nealing;  the  mnterinl,  fuel,  and  time  eonsumed^  all  entering  into  Ihu  caleu- 
lation  of  the  malleable  iron  caster  in  his  charges. 

More  particidarl3-  would  the  application  of  lliis  material  bo  ndranfageons 
hi  the  formation  of  iron-work  of  a  mediti'vul  cliaraeter.  Crocket.  fuuaU  and 
fleiir-dc  lifi  conld  then  be  cast  flat;  tlie  soft  and  pliable  nalJire  of  tlic  material 
would  admit  of  their  leaves  being  bent  and  tMisted  i\'ith  Oio  utmost  faeihty; 
iimo  would  lie  saved,  and  tlio  general  feature  and  qntiintncss  of  tlm  style 
preseiTed.  Doubtless,  however,  science  lifts  in  her  sinrts  laid  np  foT  ih» 
patient  inquirer,  some  ready  and  economical  racflns  by  wlilch  tbe  process  may 
be  cheapened ;  and  then  doubtless  its  application  will  berome  more  general. 

In  concluding  our  retnarkn  on  the  manipulation  of  iron  by  tlie  rasting 
process,  we  need  Rcnreely  remind  oiu'  ren  Jer&<5f  tlie  very  sufeesaful  examples 
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which  have  been  brought  before  tlie  public  iu  tlie  recent  Exliibitions  of 
Industry.  The  gates  of  tlie  Gulebrookdale  Company,  wliich  now  form  one 
of  the  entrances  to  Hyde  Park ;  the  i-ustic  dome,  the  Euglc-slayor,  tlio  foun- 
tain, the  numerous  statuette's,  examples  of  metallic  furniture,  stoves,  and 
grates,  contributed  by  tlie  above-named  company,  wliicU  formed  so  prominent 
u  feature  in  the  Kxliibitiou  of  1851;  Gottam  and  Hallom's  gates,  formed  of 
A  union  of  cast  and  wrought-irun,  and  partaking,  as  a  whole,  of  the  style  of 
work  known  as  wrought ;  the  magniilcent  castings  sent  b}'  the  Sheiiicld  and 
l>erby  iron-founders ;  the  Carron  Company  iu  Scotland ;  with  many  other 
examples  sent  by  the  continental  iron-founders, — all  alike  demonstrated  that 
tlie  art  of  casting  in  iron  is  well  understood.  But  its  fitness  for  public 
(lecozative  purposes  has  hitliertobecn  but  sparingly  tested.  Coupled  with  the 
improvements  for  the  protection  of  iron  from  oxidation,  which  have  now,  by 
tlie  discoveries  of  science,  been  placed  in  our  hands,  there  seems  to  bo  oveiy 
reason  for  recommending  its  being  employed  much  more  extensively  in 
statuary  castings,  and  in  tlie  production  of  street  fountains,  tlian  has  hitherto 
been  the  case.  The  cost  of  the  material  is  triiUug  iu  comparison  with  that 
of  marble  or  bronze  :  to  the  former  it  is  superior  iu  its  strengtli ;  to  the  latter 
it  is  quite  equal,  if  well  protected.  The  production  of  an  iron  statue  or 
fountain  is  not  likely  to  diminish,  but  rather  to  increase  the  skill  of  the 
moulder,  in  the  careful  preparation  of  the  mould :  fur  while  iu  bronze-costing 
the  nature  of  the  material  admits  of  considerable  liberty  being  taken  in 
repairing  it ;  in  iron,  on  the  contrary,  should  the  cast  bo  defective,  repairs, 
if  they  can  be  etTected  at  all  after  a  defective  cast  has  been  mode,  are  always 
difficult  Hence  the  production  of  artistic  objects  in  iron,  from  the  care  and 
skill  required  in  the  formation  of  the  moulds,  would  educate  the  artizan,  and 
I  increase  his  manipulative  skill ;  while  it  would  nt  tlie  same  time,  fi-om  tlie 
low  cost  of  material,  greatly  aid  in  tlie  cultivation  of  the  public  ttisto,  if  more 
generally  applied.  The  fine  skin  visible  ou  the  best  English  iron  castings 
is  a  proof  of  the  perfection  at  which  we  have  arrived  in  the  casting  of  iron. 
The  fluidity  of  tlio  metal,  when  in  a  melted  state,  as  compared  with  bronze 
when  in  the  same  condition,  is  also  another  recommendation  in  favour  of 
iron. 


504 


CAPAUILITIEa   OF   IROIC. 


CHAPTER  SXVl. 

THE    liANIPCLATtOS   AMU    CONBTHUCTION    OF   VORKB    IN    ISOS    CHIEFlt 
OF   AN    ORHiMUNTAt    KIXU, 

Wb  liare  biUierto  dealt  with  iron,  more  particularly,  as  brought  into  fiLapfi 
hy  the  formative  procebs  of  casting.  This  methodj  tUere  is  every  reaaon  to 
bolievei  has  acquired  a  greater  amount  of  dcrelopmentrcccntlj*  in  consequence 
of  the  demand  for  machinery,  whether  for  stationaiy  or  locomotive  englnee,  or 
macliines  for  manuJacturing  purpoBCS,  In  the  working  of  vrroughViron,  how- 
ever ,  if  we  except  examples  of  a  very  large  size »  Buch  as  Sir.  Clay  has  opeiated 
upon  and  described.it  ia  no  iujuattce  to  s£Ly^  that  those  who  preceded  u&  were 
our  Gqunls^  if  not  auperior&.  In  tho  great  we  have  overlooked  the  smalt;  in  tbu 
application  of  nTought-iron  for  utility,  wa  have  underrated  ita  inipurtauce  uid 
vuJue  for  decorative  purposea,  which  is  someivbat  aurprking,  considering  the 
importance  its  great  streni^'th  m  connection  with  its  hybtnesa  and  iitnesB  en- 
titlifs  it  to.  The  capabilities  of  iron  are  uumerous :  while  it  b  ligbt.  it  'm  ul&o 
atrong ;  it  la  dense^  yet  ductile,  and,  at  the  same  time,  eaaU^'  wurk^d  in  iu 
heatud  or  cold  state.  Its  viUue  for  purpo&es  of  oniamcnt  appeans  to  have  l>e€n 
letter  understood  in  maijy  other  countries  than  in  our  own;  and  in  our 
ui^ni,  when  the  material  was  nut  so  plentiful  as  now,  great  artiaU  and  &kilfal 
nrtizana  thought  it  not  beneath  Uicm  locxpend  upon  iron  an  iLmountof  labovi' 
aud  "  cunning''  which  at  the  present  d&y  it  is  almost  a  raiity  to  see  expended 
oa  works  executed  in  the  precious  nmtals.  Doubtiesa  the  BldLl  of  the 
liammcrniun  decreased  witli  the  more  (tcncral  adoption  of  c&s^g  iron 
into  form.  It  should,  hgwevcrt  be  home  in  mind  that  iron,  when  cast,  i& 
necessarily  fragile ;  to  aeeure  strength,  iucrcaic  of  materiftl  ia  rtqtiiried;  imd 
to  produce  castingSp  patterns  are  required  to  be  modelled  irom.  The  cost  of 
these,  imless  distributed  over  a  great  number  of  caatingB  of  &  fiimilai  kind, 
involves  a  considerable  expenditure  of  time  and  capttAl ;  and  oiler  all^  vvhen 
the  caat  is  matje.  we  luck  the  crisp,  aharp  edges,  and  deep  overlays  of  that 
which  results  from  tlie  use  of  wrought-iron  worked  by  the  hand  of  Uic  iutelU- 
^eut  blacksmith.  In  connection  with  this,  it  isi  to  be  borne  in  mind  that  the 
constant  repetition  of  tlic  game  pattern  or  ornament  becomes  paijiiul  to  ihe 
eye ;  and  iSr  in  tha  endi  subversive  of  all  desire  far  new  and  elegant  forms 
— a  de&iro  which,  in  so  pccuhar  a  manner,  encouragea  alike  original  de&g& 
and  tlio  skiU  of  tho  artiion. 

It  was  remarked  hy  the  late  A.  W^  Pugin,  to  whom  wo  are  indebted  for 
the  revivftj  of  many  of  the  oU  but  loat  methods  of  working  in  metabi,  "  that  in 
aucieut  iron-work  we  may  discern  a  pecuHor  and  dislinctive  manner  of  exeeu* 
tion  suited  to  the  material,  and  quite  distinct  Ixom  that  employed  on  wo«>d  or 
atone,  Tracery  was  produced  by  dilferent  thicknesses  of  pierced  phitas 
laid  over  each  otiicr ;  leaves  and  crockets  were  not  carved  or  modelled,  umd 
then  oast,  but  wera  cut  otit  of  thin  sheet  or  plote  metal,  and  tmated  up  with 
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pliers ;  the  lines  of  the  stems  were  either  ecgraved  in,  or  soldered  on.  By 
tb«3e  simple  means  all  the  liglitness,  ease,  ajid  sharpneBs  gf  real  yegetAtioa 
was  produced  in  anciejit  iron- work". 

On  this  head,  Air.  Kedgrave,  in  his  admirable  Beport  oti  the  ParLi  Exhi* 
HtiDiir  says,  aa  r^gard^  iho  design  and  tbo  right  uue  of  materiak,  "  How 
div«rw»  for  lofitauce,  is,  or  should  he*  tho  whole  Ircfttmeiit  of  east  as  campared 
ttitU  wrought  iQi^tal.  Take  fur^^^ed  and  cast-irou.  Uie  lightuoss  aiid  elegance 
obtamable  in  tlie  one.  contrasted  with  tLe  QeceBuary  Bohdity  and  iveight  of 
the  otlier ;  the  pluj*  of  form,  fancy,  and  variety  obtainable  m  wroughtriron, 
Qow.  aloa  \  almost  wholly  laid  aside  for  the  heavy  mechanical  common  plAC^ 
rei>ctition  of  cast-work/* 

The  es.amination  of  examplea  mamfesUng  ekilTuI  execution  and  true 
construction  is  ealeuiated  to  enhance  our  estimation  of  tlie  earUer  workers 
in  iron ;  but  it  must  be  recollected  that,  as  a  principle,  the  older  workers  in 
motal,  iron  iacltided,  first  cuustructcd  and  then  adorned  ;  that  ornament  was 
not  tlien  a  primary,  but  a  secondary  cunsideradon,  in  bo  for  aa  use  pr'^ceded 
ornament;  but  ornament,  at  the  eaiue  time,  waB  nut  neglected,  and  was  not  of 
ft  *'  stuck  on"  kind,  but  wheu  (ipplJtd  it  formed  lui  essentifiJ  part  of  the  conHtruc- 
li<ML  This  quality,  wJiich  showa  itself  on  txitmining  llio  examplos  of  early 
iron  working,  justifies  the  remark,  and  strengtlienu  tlie  cunvicLton,  that 
the  workera  in  iron  were  exceedingly  clever  artizans  ;  and  albo  tliat  not  nn- 
fr&quciitly  great  artists  did  not  tiiink  it  bcueatli  thi-ni  to  expend  their  time 
and  talents  in  working  such  a  humble  maLeriikl,  It  is  known  Oiat  I^lat^js 
exercised  hia  genius  npun  irou :  and  the  cdaborate  wt^U-covcr  which  stands  in 
front  of  tke  Cathedral  at  Antwerp,  viitk  numberless  oUier  works*  hear  testi- 
mony to  his  tfkill.  In  Niuremherg,  also^  tho  iron-work  which  still  clings  to 
many  an  old  domicile,  demonstrates  tim  master's  hand.  In  evory  continental 
cathedral  may  sdll  be  seen  the  most  cleverly  designed  and  executed  iron- 
work ;  wliile,  in  our  own  country,  the  nuUiigs  of  tho  tombs  uf  Henry  VUm 
Queen  Kleanor,  the  hinges  and  iron-work  of  J^iucoln  Cathedral,  St.  George's 
Chapel,  Windsor,  nnd  the  Colleges  of  Oxford,  oilbrd  equally  concluaiTe 
evidence* 

Even  at  a  later  period  great  abihty  wae  displaced ;  and  much  interest 
appears  to  have  been  tjiken  in  tlic  working  of  iron,  and  in  ita  treatment 
and  execution  as  displayed  in  making  grilles  and  gates,  replete  with  gruce- 
fol  and  iloiving  lines^  with  scrulla  and  lowers  introduced ;  thotjo  deco- 
rated and  guarded  the  entrances  to  tlie  buildings  erected  in  tlie  da3'8  of 
t^een  Anne  and  the  early  Georges,  Itailings  were  then  elaborated,  which 
partook  of  tho  same  graceful  character ;  and  in  tlie  streets  and  wyuda  of 
cities  and  towue,  tiie  signs  of  tho  craftsmen  depended  from  iron  biritckels 
decorated  with  tasteful  leafage;  even  the  village  hostelry  had  its  nicely 
worked  iron  brackets,  ^om  wlach  hang  the  signboard  intimating  to  the 
passer-by  that  tliere  wag  "good  enter taimu tut  fur  man  and  horse"  to  ba  had 
wiiiiin:  these,  with  other  small  examples  of  ii'an-worldjig,  as  hinges,  locks, 
door-handles,  keys,  kc,*  all  give  evidence  that  the  blacksmith's  art  was  one 
wliich  was  ttiUivaied  with  scimetljinp  like  enthusiiism,  and  itaprofi'ssora  were 
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capable  of  greater  tUiiigs  tlian  moudiDg  the  bumble  iinpl^iuonU  uf  Hiv  ugnciU- 
turiate  of  tiie  period^  sbo^ing  Ihe  animaJs  of  the  faiTn-sleads  iu  iheii*  vicinity^  or 
the  packJiorsua  wliicli  traversed  the  nida  roads  of  th^  p^jiud*  Tlie  froricmiui 
who  (daborated  Uie  omPincntal  irun*work  of  tJic  earlj&nd  latter  dars  alluded 
tOf  liad  hiB  hfjart  iu  liis  work,  mnd  desired  to  accompliali  it  in  a  creditabb  man- 
ner ;  not  merely  to  get  it  dune,  but  done  so  aa  to  ahow  bis  ability :  lie  loved 
IUb  work  for  ita  own  aoJio ;  to  tliia,  and  to  the  absence  of  mere  money  competi- 
tion, may,  vre  thinlc,  bo  ti-acod  much  of  tlia  excellence  and  success  of  Iheso 
eaiiy  examples  of  iron-ivorking. 

Nor  la  our  Tronder  at  tlie  perfection  of  ancient  iron-TTorls  dimjnisbeLl,  when 
we  consider  the  limited  nimiber  and  imperfeeiJona  of  tlic  toola  TvhieU  die 
blacksmith  had  at  liia  command,  and  Uje  vast  amount  of  muscular  liibour 
uliioh  mast  havo  bcoii  cxijciided  beyond  what  is  Ei^cessftri^ftt  tlie  pre&eut  dny. 
The  hii^e  smelling  fm^nacos  of  StalTurdsliire  did  not  then  exiat,  and  rolling- 
mills  ivero  as  yet  unknown:  aa  a  consequence,  faar^  rodp  and  aheel.  with 
other  forma  of  iron  now  common,  could  not  be  procured^  and  tJie  older 
worltcrs  iu  tliis  metal  had  to  deal  iviUi  biigo  and  comparaLively  formlesa 
billets,  which  Ihfly  wera  compelled  to  beat  down  at  u  loss  of  time  and  ex- 
penditure of  strength  of -vvliich  we,  iu  tliese  dnya  of  Nasmvth's  hammers  and 
Ryder's  forginfj  mQchinca,  can  form  no  conception,  Thia  difficulty  of  pro- 
duction, it  is  probable,  was  not  witliout  ita  advantogeg,  bo  far  as  the  resulls 
were  concemed.  as  there  is  every  reason  for  believing  that  the  quality  of  tlie 
metal  was  improved  by  tlie  hammerings  a  greater  amount  of  homogeneity 
and  solidity  being  imparted  to  it;  thereby  much  facititaUitg  the  cold  forking, 
which  followed  after  the  procoaa  of  forging  had  been  gone  lliroujih*  Cou- 
Ijrmalion  of  this  property  T^ill  ho  found  in  the  examples  formed  from  thin 
iron,  Kuch  as  fiiiials,  crockets,  leafage,  and  the  perforated,  bentt  and  bcaten-up 
Ti'ork  introduced  in  tlie  iron  mils  or  screens  of  tombs  and  altars,  and  tho 
iron-work  generally  existing  in  tlie  calliedrals,  churches,  Kad  the  civil 
edifices  of  our  oi^ti  and  other  coiintriea,  Theee  early  PSLamplcG  show  ttial 
the  plate  or  thin  metal  out  of  which  tliese  were  made  was  laft  tliicktr  in  Uie 
centre  and  thinned  towards  the  two  outer  cdgea,  winch  was  hi  turn  cut  out  by 
filings  eluaelling,  or  saw-piercing,  into  the  form  of  leaves;  after  wliicli,  tUe&e 
were  twisted  with  pliers  when  culdp  till  tlic  desiied  curvatures  were  arrived  at. 

Por  the  better  understanding  of  the  metliod  by  which  leafage  or  foliotad 
ornament  iu  sheet  or  phite  iron  was  produced*  reference  may  bij  mode  to  tho 
illustrations,  Figs,  lOrt  and  100,  in  which  the  process  of  the  formation  of  crochets 
is  shoivn,  and  which  niny  bo  described  as  follows : — Tlio  orlist  having  made 
hi3  dcai;;^,  and  well  considered  the  effect  desii"ed,  lii'Ht  produces  it  in  a  Hal 
form  (as  in  Fig,  10r>),  and  in  fidl  sijse — preparatory  to  commencing  to  bend 
it  up  into  Uio  form  it  ia  intended  to  retain  permanently.  When  a  number 
of  crockets  are  required,  it  is  well  to  have  a  metal  mould  or  templet  made 
lik6  tlte  diB$pla.yed  gkutch  ;  and  this  being  laid  upon  tlie  Lliin  u'ou,  out  of  which 
the  crocket  is  to  be  made,  may  be  scribed  round  with  a  brass  point,  which 
will  kav«  the  oiitUno  of  the  leaves :  these  are  indicated  by  tiie  letters 
B|G,  D,E,F«G.     The  superlluous  metal  is   then   detached  by  means  ol 
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i^hii^ck  and  snws,  or  it  mtty  In?  nipped  oil"  hy  niciuiB  of  the  press ;  or  liio  tiuiire 
lloultiaiij  le  pimcheJ  out  nt  once  in  tjje  press  hy  meAus  of  a  punch  aiid 
boil.  If  Iho  prPBS.pUDPb  ondbud  are  not  employed,  tho 
IcftfagQ  mny  be  coirected  by  IllinjT.  Tlic  blauk  is  novr 
in  a  condition  to  b«  LiODt  into  fDmi^  whlcli  is  done 
aa  follows:  It  ia  rendi^rcd  convex  on  its  extt-Tual 
swrfftoQ,  by  being  b«at«u 
from  A  to  G  on  tt  liollow 
anvilj  it  is  aniicDled,  to  re- 
store tb«  ductility  of  tlifl 
03  often  a3  mny  be 
required ;  and  ultimately 
fyf  f  it  is  mnde  to  assume  tho 
id  //  form  of  Fig.  100,  Tiic  cur- 
vnturus  niid  tmstin^^B  ol' 
tlio  IcflTot*  iu*o  iil'tonvards 
^ven  by  intQiif?  of  roiind- 
iiofted  mid  urdiuory  pliers, 
\\\  onlcf  to  Bccnru  tliiit 
rpfjulnr  irrcf*nbiiity,  lliftt 
divcrdty  in  imifonnity,  wbi(;]i  cbanii  aiid  dtligbt  llie  cyK  Jn  bftndicrnft,  and 
ronirii'^t  ao  faT*>urnbly  with  tlio  monotony  of  vs'orlta  produced  iu  tbo  die,  or 
by  any  of  tlm  vurioiiH  TnoibodB  of  crialing ;  from  which  unvarying  tmifotmity, 
ns  a  result,  mitat  ncccssurily  follow. 

In  the  older  worka  in  iron,  but  more  particularly  in  tlie  Mctemftl  ci-sea  of 
looks,  plates,  lnt<.^bc8,  cimkctd,  aud  similar  objrctK  \    groat  Bharpness,  re^^ 
Inrity^  and  exactncsSp  were  secured  by  ptrfovatcd  plating  and  overlayingr 
iiiatewd  of  cutting  or 
chiselling   a^vay   tlie 
iron,  in  foroiing  tlio 
tracery*   This  i\iU  be 
betier  understood  by 
rtfLTcnco  to  the  ac- 
cimjpatiying   ilhiBtm- 
tioDs,  ^vliich  slinw  tbe 
&Dvcral    portions    or 
plates        Bepnrately, 
which  serve  lo  make 
^'«-^°'*  np  the  desi-nofthe  ^^'^^■ 

finlsliod  pendant liamllc  represented  in  Fig.  111.  Tliia  ci(\m|tle  ia prodaeed 
by  placing  over  rach  other  st^venil  plates  of  Sruii.  cut  out  or  perforated 
differently;  but  which,  iiljen  placed  over  each  olber  and  riveted  togetjiet, 
moire  out  thedesii^.  Tlieao  are  flbown  separately,  tbtis— Fig.  lOV  (shows 
the  foundntirpn  plate;  Fig.  10",  Llio  siiccecdijif;  one;  Fiff.  H)fi,  the  third; 
Pig,  1  in,  tlie  indented  or  dogtooth  nm;  and  Fig.  1 11  +  tho  diJTereiit  plntea 
plared  in  their  pri>pcr  positions,  and  rivoted  togetlier. 
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It  ia  evident  that  h&d  sucli  a  plat«  b««n  worked  out  of  solid  iro&i  Ihe 

time  coQEumed  in  its 

oonHtractioiL   would 

have       been    very 

mtich  greater;    but 

if  cast,  it  would  not 

have  |>rcaeuted  tUe 

same     amouj^t     of 

sharpness,  while  it 

woitld    bave    been 

quite   imposfflbla  to 

haTo     eecured    the 
**■      ■  samo  amount  of  ac-  Fig,  no, 

curacy  in  the  geometrical  dctuils :  This  mode  of  coiistnictiou  admits  of  the 
greatest  posaibhi  ftm<niiit  of  Tnriatloii  in  the 
details:  Iha  beauty  of  tho  work  may  be  in- 
creased, when  desired*  by  the  application  of  the 
graviug  tool  or  by  beading.  Ciu%  sbould  b« 
taken  in  tlusstjrle  of  work  Uiat  the  several  plates, 
when  placed  together,  and  wbieh  make  up  ilie 
tracery,  should  register  correctly,  and  that  as 
niucli  regularity  should  be  preserved  as  is  consis- 
tent with  Uie  geometrical  character  of  the  design. 
An  additional  illastraLiou  of  Uie  trooery  sys- 
tem of  ornamentation  is  shown  in  the  look.  Fig. 
112^  where  the  fiUing  up  of  the  principal  di- 
visions or  compartments*  surrounded  with  a 
threaded  moulding,  is  produced  by  perforated 
plates  laid  ou  the  box  of  the  lock,  and 
the  atiglea  by  omamcuts  of  quatre-foU,  of 
The  introduction  of  the  crest  in  Uie  central  di 
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aion  is  also  an  ornamental  feature,  tvMcL  lends  additional  interest  to  thm^ 

snbject. 
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The  ftucce«dmg  examplo  (Fig.  113)  is  a  Tery  excellent  illustration  of  the 

flmoated  &iYlo  of  oma- 

mentaticiii .      The  lut^k 

from  whicl)  tlic  dratving 

WAS   taken    is   preser- 

red  in  the  Husciun  at 

OscotL    In  tbis  exiun- 

plcp  the  falinge  wMch 

mofluders  over  the  two 

princip  al  e  Qinp  tirtmen  ta 

of  ibo  box  of  the  Joclc, 

ud  along  the  bolt-liko  f^*  ^*' 

jfl  cut  out  frf  m  plAte  metiUi  and  no  attached  to  tlie  metftl  fonnda^ 

tioiL  tliat,  wliile  ad- 
hering firmly,  it 
is  placed  at  such 
a  diatnnce  ironi  ttie 
foundftdon  thnt  light 
pFLRses  iinder  the 
leafage,  nnd  a  sha- 
dow is  coat  hy  it. 
The  hint  Ibrniahed 
hy  tltis  example  ia 
capable  of  extensive 
applicalion  to  the 
adommeiit  of  similar 
works  or  to  panels. 
Alhision  has  al- 
ready heen  made  t& 
tho  skill  displayed 
hy  tlic  Nuremberg 
workpTs  in  **  cold 
iron."  lo  Fig>  U-l 
we  give*  as  on  exam- 
ple of  tlieir  work,  a 
lock-eacutcheon  for 
an  "atrooricp"  or 
*'chest;"itw'ns  made 
in  15ni>,  and  ditrem 
from  tlie  preceding 
examplpB  in  bo  far 
that  though  these, 
like  the  present,  de- 
pcnd  for  their  beanty 

upon  TuioQS  tlueloiesBeB  of  iron  plntee  laid  over  each  other ;  yet  the  prceent 

isdiffe^nt,  ina^mnch  aa  the  scroU-work,  thottgh  separate  frem  the  fouudaticm, 
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has  be>eii  punclied  or ''beaten  tip,"  aSLet  beiu^  cut  out  or  piorce^l^  bo  that 
certain  parta  of  the  omntncnt  eIiotv  eon^idvmble  convexity.  Additiona] 
beauty  lias  been  given  to  tlie  subject  by  tiie  hutching  or  chiseliijig.  TU« 
oliai-ncter  of  the  folinge  is  Biifflcieutly  indicalive  of  its  Gennnii  origiu. 

We  haveliitherto  dwcUoii  the  working  of  iron  m  iN  pkto  or  sheet  condidoii 
into  works  of  anoniametiUd  Idmti  iu  rig.ll5  we  introduce  &u  example  of  llit 

ffcujpttire  form  iu  iron,  belu^,  liJifr 
tUo  precedijjg  esarople.  a  lock  or 
bolt  for  au  "  ftrmorie."  It  i»  of 
French  workmanship  o/tlie  period 
ofHenry  II  ,  iririO.andischisellei] 
out  of  solid  flut  iron  iu  delicate  low 
reUfif;  the  Uoii*s  head  forma  the 
handle  for  the  movcniGiit  of  the 
bolt,  and  the  lines  of  the  compo- 
sitiou  are   exceedingly  graceful. 

But    tills  GKOTDple    13    of    Oil    BX 

dusively  artistic  character,  and 
therefarc  it  dues  not  bo  directly 
interest  the  ordinary  iron-worlier. 
It  cwiunt  fail,  hoivever^to  ha  yerj 
sugftestlvo,  OR  it  fimiishea  admir- 
able hints  for  the  filling  up  spa€«^ 
in  railmg,  JwO,  The  illustrationa 
which  have  preceded  this  nill  be 
Bufliciently  conlinBatory  of  Uie 
remark  made  by  ft  distinf^uished 
Ruthority  to  tlie  cftuct,  *'  that  tic 
Irx^lc  was  u  subject  on  which  tli« 
ancient  smiths  delighted  to  exer* 
else  the  tttiiutst  resources  of  thdr 
art/*  In  chtirchos,  looks  were 
introduced  witli  8»cred  stibJecU 
chased  upon  them.  In  tlie  twelfi 
and  thjrtccntli  centniica,  tlic  loclc- 
amith'fl  art  produced  many  work 
of  rery  remarkable  taste  and 
spirit ;  amon^  othera,  in  tiie  ^ftcenth  century^  a  tnheniacle  door  was  aculp- 
tured  in  iron  for  the  Abbey  of  St.  Lonp  of  Troyes ;  it  is  rich  In  the  fl«niljoy 
Gotliic  ni'chitecturrO  style  of  the  period,  a  fipire  of  the  Saviour occupyinp  Ui 
central  panel,  ivitJi  the  enp  in  one  hand  and  Ihc  host  in  the  other,  AH  Ui 
complex  delnils  of  this  clalKtrate  piece  of  art  \votkiiiau6)iLip  are  (idniirably  cat- 
eented.  The  Bfulptures  in  iron  executed  hy  Plattncr  in  Germany  wtro  ve 
celebrated;  he  decorated  (he  handles  of  s^^orda  and  tlicii- BCJibbards,  <tnd  tvcn 
carved  detached  statuettes  in  iron,  The  works  of  Lei^cber,  horn  in  Sileaia, 
but  who  worked  at  Narembcrff.  are  particularly  e'xcell^lit;  auionf;  tlic  creat 
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rorks  which  are  attributed  to  hira  ia  aii  eqitcsLrlati  statue  of  Cliarlea  II.  of 

SngUnd  as  "  St.  George  Slayijig  the  Drafjon/' 

But  to  return  to  the  work  of  the  orlizftii,  iratlier  Uian  the  artist  in  iron, 

^th  ihe  period  of  ilie  iieiiaigsaiice,  Uie  ait  of  is'orldiig  in  iron,  like  oih^x 

[oicscent  orte,  was  revived.  Locks  especially  vcre  tlicn  ciuTied  to  fiucli  a 
degree  of  perfection^  aud  their  oruam(m.tn.tioji  was 
of  so  high  a  fiimh,  that  they  weic  looked  upon  oa 
objects  of  art,  and  were  moved  from  o»*i  place  to 
another,  hko  anj  other  valuable  piece  of  furniture. 
Nor  were  the  keys  forgotten  or  overlooked  whilo 
the  locks  were  tliua  ornameuted:  tlmt  Tvhich  is 
now  a  bald  oval  grip  or  ring,  rveu  iu  loclkti  of  tm 
expensive  kind^  was,  in  the  foiuteetitli,  fiftcouth, 
si^teeoth^  aud  Bcv«ntt)cuth  centuries,  elaborated 
into  exquisite  dc^igim*  JiUed  with  trncery  or  leaf- 

|«ge,  siinuoarttcd  witli  coronets  and  ciestSf  or  per- 
forated into  the  form  of  initials      The&e  decora- 
^  tions  were  produced  in  some  instances  by  ij^ciuiB 

of  Bawpiorcing  or  perforaUoii,  or  by  clvinjelling 
where  the  scroll- 
work was  in  relief, 
"Fl  rTn  rnl?  ^^  other  examplca, 
JliLllHJL'p  in  addition  to  the 
JjTJjfjlJjL  ?  cliisd  recourse  was 
in  J^l  nri  S  ^^^  ^^^^  **  *^° 
graving- tool ;  and 
itiotheraaftauripthe 
entire  linish  was  de- 
pendent upon  Lbo 
clever  use  of  tUo 


t'l^.  116. 

le.  The  complicfttcd  cLanieter  of  tlie  wai*dB 
tta  uXso  anntlier  pecuXiarit)'  in  the  ancient 
ejB,  Aa  ill usitra tions  of  the  geiicrai  appeiir- 
ace  of  tliesB,  nud  with  the  inlt^ntion  of  giviUj^ 
ome  ideu  of  tlicir  eliiborate  style  of  ovna- 
lentatiou,  four  illuetrationa  are  iiittroduoed. 
'ig.  1 1(1  is  an  uxamplo  of  I'^ronch  or  Ciemion 
ronnanship,  produced  by  a  uuion  of  pei-fwra 
tons  by  drUliug,  ehii^elhng.  filing,  and  en- 
raving.  It  is  BuppoGod  to  have  been  made 
bout  the  year  i:i&0.  Figs.  117  and  US 
:ive  twi>  lapre.seutations  of  Die  same  Itoy. 
I  in  of  an  exceedingly  complex  character,  depenclhi^  f(>r  its  omnnseiitalioji 
rn  the  minute  perforatioua  wtuch  are  introduci^d  ;  tiie  trcfojlH  evidently 
orm  the  sides  of  ti  hallow  Bquare,  Burmountinpf  a  circular  disc,  which  ia 
Mtfforalft^d  ftl&r  or  wKcel  fnKhiont  and  slands  ou  an  oval  minutely  qunti-efoil 
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* .-.  >.  ^/  -r;-,  ^.  •tui7v.«>r  -'.^  Hub  ^saosi  Mnur  "vvil  W-ueii^ : 

'.'-  crt  t»^  t  ^'i.  Fl-?,  E  2:>  31  Kt  «TJBS3ut  "St  T'atiian  or 
,^  .-«^,h  wriratuinl*.:^  ^  A«  l"^imrh  sbocj^  wad  m 
yrA.iMA  \rr  ^^^ri-jm^L-A.  tLft  vfcjMl-Efe  j=a  -^f  sfan  "key 
t^:.rk7.  t'Jrra^A  vvykrtx^.  mod  oaoSAi  a^j  cw  dbsok 

f;<:f<'.T4  ch«  Vji'4  'CxrT«r  took  pi-^w^  vnrm  cf  ^  sor- 
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t/':''k'.tifril  in  r\*:'.'/ri.hT:'\  o-rr':';!;!:  f-rlrivfrl-e.  Th-:  Ta  j-dria  cjq 
'-,'  ;i|/.'l  h;ii;^",  '.-iii/:;!  in  n'yW  v/  :;::»-;r  s!I;*  adopted,  is  an  err-sr 
SUiti'/^  t:',u-\*.nif:UA  Ml  1);';  l*iv.;r  i-rlii'-if  :e.  the  d>:r  may  b*? 
vry  t:SL>.iiy  'Jiv;orirj'.-':t/:d  from  iti  attachrr.ents.     Njt  s-j  th^ 

^ ant^icTit  liin'/os  whi-jU   ^ai^efnlly  erpaa^ied 

ibemselves  orer  the 

door,  caTetin^  its 

whole 


/diKS 


119. 
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TTidth    with    graceful  , 
cuTTos;     and     being  ' 
helled   through    and  i 
to  the  door  in 
rarionsphices, 
V        were  alike  nsfr 
fill  and  orna- 
me-ntol.      Thus    the 
]r'>ii    hinge-work    of 
tho  fftst  door  of  St 
George's  Chapel,  AVind- 
BOTt  presents  Uio  most  exquisite  arrange- 
mt  lit  of  ckverly  designed  and  skilfully 
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executed  scroll-work,  full  of  omaraental 
A  Bomftwhat  modified  illustralion  of  the  older  form  of  hinges  is 
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prenln  Fig.  121.    Tbe  ecroUaof  these  are  worked  Bcparately*  and  ivelded  to- 

getiherwh^n  each  portion  ij^  completed^ 

amA  nlao  altAched  to  tlie  hoiizootiLl  pro 

Hpn^'bur    by  welding.      Tha   leafiif;;^ 

IV  mdcnted  witli  annk  or  miacd  detAils 

bj  meuia  of  ptmcbes :  and  the  curvQd 

beftds  whicli    arc    inlraduced    on    the 

rtema   are  executed  ivhon    the  iron  13 

in  ft  heftted  state,  l>y  sinking   it   into 

gmgee,  sank  concavo  wliett  tiie  bead» 

am  dentred  to  be  convex,  and  the  ro- 

YtXW  when  crmcaTo. 

In  Vig.  139  a  design  or  liinge  of 

rimfd^  ehRmcter  is  fibred,  which  ia 

dependent  upon  its  ontline  only  for  its 

omiuniental  fentureg.    In  this  example. 

ia  addition  t/i  tlio  asflistaiicd  afforded  hy  the  chisel,  the  beak  of  tha  anvil 
hag  boen  ^jwd  to  a  conslderabTe  extent^  with 
hut  Utile  additional  assistance  ih>m  the  ose  of 
Uie  file. 

The  two  examples  of  hinges  hero  introduced 
may  he  rmpposed  to  be  applied  to  doors  plain  or 
flat  on  their  entire  surface,  and  the  pottiana  of 
wood  not  coYored  ivith  their  foliations  being  oma- 
inont*>d  with  rosett-e,  loifcnge,  octagouol,  or  other 
fthftpef!  hcnd  nails  or  studs.  In  Fig,  12;j,  another 
fonn  of  hiiigo  h  introduccd.*\vhich  may  he  uaed 
with  pxrcUent  eftei^t  when  the  door  is  framed  and 
paneUed,  Tlie  omametital  featurea  of  this  hin;;e 
are  produced  in  n  similflr  manner  to  tlio  phile 
of  the  handle,  Fifj,  III,  and  the  lock.  Fig.  112^— 
vi;K.  hy  a  succession  of  two  or  more  thipkueseea 
of  metah  perfornted.  engrnvpd,  chamffred  off,  and 
chased,  tbe  moulded  edge  being  formed  by  the  file 
or  produced  by  swa^n^.  By  way  of  rendering 
our  repregentatioo  of  the 
variouB  kinds  of  hinges 
complete,  an  illuatration 
of  a  kind  very  generally 
tiaed  in  the  fumitnre  of  rif,  IM. 

a  bygone  period  is  here  introduced  ^  which  tmites  both  strength  itnd  oraa- 

ment.  as  represented  in  Tig.  1  '^4. 

So  (ar,  however^  aa  hingea  of  Ibo  cIsfb  we  hriTe  figttred  are  concenied» 

there  are  Tory  few  eTcamplea  wliioh  can  compete  wUh  those  011  tbe  doora  of 

the  Chnrch  of  Notro  DnmCp  at  Paria,  more  particularly  on  that  of  the  south 

portal:  tljCRO  are  reported  to  hare  been  TOFide  by  Biacormette,  a  famoiifi 
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sniitb  oS  the  sLx.tii3eiith-  ccutuiy  ;  but  dieir  Gtyle  poiAta  to  the  earlier  part  of 
the  thii'teetitli  ccuttirir.  Th^  sculp  tores,  consisting  of  birds  and  omajnents, 
arc  maxvellQUB  producUons  ;  tbej  are  made  of  iron  of  a,  peculiar  quality, 
produced  by  a  method  which  puzzled  Gaegart,  the  lockfimith  to  the  king, 
who  broke  off  a  portion  iu  order  to  get  Bome  know]e<Igfl  of  it  bj  cxajnin^ 
tiouL ;  what  he  didget»  however,  li€  rouldnot  use.  It  JBHaid  that  Biscorrnette, 
the  smith  to  whom  they  were  ftttributed,  ^*  melted  the  iron  with  incrc<Uble 
industrfi  rendering  it  Hexible  and  ductile,  and  giving  it  the  various  forms 
and  Bcrolla  he  Tsitjhed,  wiUi  a  eMll  which  excited  tlie  QdmirfttLon  of  all  iron- 
workerB,"  Even  now,  t^ith  the  increased  knowledge  of  iron  and  it»  pro- 
pertiea»  there  are  in  the  minds  of  muny,  doubts  as  to  whether  they  are  cast 
and  fiUed  up,  or  w*roufrht  with  the  hajnmer.  The  secret  of  their  tnanu- 
facture  is  suppoEed  to  have  died  vdih  tlieir  Biipposed  maker,  for  so  trace 
of  ^0  process  employed  in  his  work  reraains.  like  most  thiiigg  dos«  at  a 
period  when  clever  worlananship  produced  results  which  seemed  super 
natural  to  the  uninitiated,  tliolr  muker  was  BUpposed  to  h&va  entered  iato 
compnct  with  the  doer  of  nil  evil  to  hdp  him.  It  may,  liowevcr,  be  sa&Iy 
affirmed  that  they  axe  of  wrotight-iron,  made  in  tlie  tiiij-tcenih  century;  and 
that  aJl  their  reputed  maker*  Biscormette»  did,  was  eimply  to  repair  them; 
for  it  cannot  he  supposed  tlmt  a  knowledge  of  the  procesBCB  for  renderttig 
Cflft-iron  maUcahle  existed  at  thut  cfuly  period.  This  is  aiiother  reason 
for  the  opinion  entertained,  that  they  are  made  of  wronghtiron,  skilfully 
luid  artistically  worked. 

But  the  medljtvai  workman  had  other  reaourceB,  which  be  failed  not  to 
take  ftdvimtage  of,  in  order  to  give  variety  to  hia  design. 
Aware  of  the  proijeities  of  iron,  and  the  liberty  which 
could  be  token  v\ith  it  in  a  heated  state,  he  hesitated  not 
to  twist  the  square  biur  when  formed^  and  to  intertwine 
round  rods  together;  by  these  mean^  he  produced  alike 
variety  and  beauty.  For  the  better  understanding  of  this 
process,  two  exojuplos  ore  given.  Fig.  \*2b  represents  a 
handle  formed  from  square  iron.  The  method  by  which 
the  twist  is  produced  is  exceedingly  simple.  It  is  effected 
bj  heating  th«  square  bar  to  a  red  heat ;  while  m  thia 
state  the  one  end  ig  held  in  the  squai'o  hole  of  th^ 
anvil,  or  in  the  blacksmith's  vice,  while  the  other  is  laid 
ho2d  off  by  a  wTcnch  or  key,  und  twisted  round  :  the 
result  is  a  spiral  as  figured.  Itegularity  in  the  dis- 
tftnce  of  the  tJireads  or  twists  is  gecurod  by  heating  tbat 
portion  of  the  bar  where  tlie  irregularity  occurs^  the 
correct  part  being  cooled  and  kept  cool ;  the  wrench  is 
again  applied,  when,  as  a  consequence,  the  threads  too 
Vig.  123.  much  apart  are  gradually  made  to  approach  each  other, 

and  the  irregularity  is  thereby  corrected;  the  portions  of  the  Lnndlefi 
or  grips  which  are  to  be  riveted  into  the  plates,  are  then  beni,  m  order 
to  insure  the  required  projection.    These  plates  are  formed  from  wrought-iron, 
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tlunned  tovirELrds  the  edge,  tke  outlme  heiuQ  ^tgu  as  dcacnbed  in  ibe  procadiug 

paragTHpU  desfiriptiTc  of  the  production  of  a  <jrockct ;  the 

^p  is  thereafter  riveted  in,  and  the  handJo  is  complete. 
In  Fig.  126  id  shown  an  exaraple  of  iut^rtiviaing 

round  rods  or  bars.    In  this  esaaiple  the  handle  or  grip 

has  heen  produced  by  pLieing  together  side  hj  aide,  when 

itt  a  heated  state,  tuid  parallel  to  each  otJier,  two  rods  of 

iron  ;  these  being  held  in  a  rice,  are  taken  hold  of  oud 

tiristed  roimd  until  tlie  desired  e^cct  la  secured ;  after 

which  a  portioa  is  cut  oH  each  rod  at  the  reverse  end. 
The  single  end  is  bent  down  to 
gfive  the  projection  for  the  inser 
tion  of  the  baud;  the  grip  Uui 
formed  is  tlien  riveted  into  tliu 
plato  by  -tf-hioh  tke  handle  is 
attached  to  the  door. 

It  will  be  readily  tinderfitood 
that,  by  using  other  forma  of  bar  or  rod  than  tJiO30 
itlrefldy  described  in  tke  examples  alludod  to,  great 
variety  and  beauty  may  be  given  ;  for  instance,  an- 
'^ahir,  ovdl,  reeded,  or  fluted  bars  or  rods,  will  much 
improvo  tlie  appearance  of  the  handles  or  railings 
in  wMch  they  are  introduced.  The  eiamploB  to 
vs'liich  attention  bas  been  directed  have  been  more 
particularly  formed  out  of  two  lands  of  iron— viz. 
bar  and  sheet.  There  are,  however,  other  in- 
stances in  whii^h  shc^et  and  bar  iron  are  made  wsc  of 
together;  sucli  casea  occur  in  railings  or  altar- 
Bi^reena,  in  which  the  uprights  may  be  formed  from 
square  btu*s — twisted  in  certain  portions,  the  comers 
chamfered  off  in  others.  TJie  bars  are  thereby 
reduced  to  an  oetayonal  fonu»  while  the  capitnla 
and  bases  get  tkeii-  eoutour  by  skilful  forging,  and 
are  kept  correct  and  miifomi  by  being  hammered 
into  swages  cut  in  steel,  after  the  manner  of  a  die, 
into  which  the  heated  iron  is  driven.  In  tJie  pro- 
gress of  formation,  the  transverse  or  Jiorizontal  biu*9 
through  which  tho  npnghts  rise  roay  be  beaded 
Of  otherwise  onmnieuted  on  tlieir  outer  edge ;  ele- 
gnut  rosettes  may  also  be  introduced,  and  the  finiaLs 
or  trficciy  made  from  sheet-iron.  In  order  to  rcn- 
dt-r  Uiis  union  better  nnderatood,  see  Fig.  127,  in 
whioh  tlijjj  method  of  ueiiig  various  kinds  of  iron 
together  is  shown.  In  tbia  example  the  shaft  A  ia 
formed   separately  from  B<]unxe  iron,  by  twisting  in 


wn 


Tig,  127, 
the  mannc  r  already  described  in  the  formation  of  the  twisted  handle  (Fig.  125), 
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The  capita],  and  tho  pordon  of  the  bar  wliich  nses  up  Lhrongh  the  ixuns- 
Tcrse  liars  C  0.  ese  forged  togelber,  tlto  capitals  Udng  Jbimed  in  swag^ ; 
Ui€  ascending  portion  ia  slit  trEmsversely.  and  into  the  slit  ia  laid  or  placed 
tlie  fijiial  and  tmcery  formed  t>f  alieat-iron,  metrkedDDD*  which  portioiu 
oro  lield  tliere  by  liYGtSp  which  are  indicated  in  the  vroodcttt.  Tli«  txaiu- 
vexse  burs  C  C  C  receive  their  rope-looking  appeoronee  on  the  edges  also  hy 
beiug  Bwaged.  The  tall  ttprigbta  ia  this  example  are 
formed  of  not  leafl  than  six  parts^  and  they  are  united 
together  by  screw-pina  at  EEE.  The  small  upright 
F  is  formed  of  round  iron,  and  ita  terminal  of  flat 
or  plate-iron.  The  hints  supplied  by  this  method  of 
construction  deficribed  T^ill  be  amply  sufficient  to  show 
bow,  by  UiUing  advantage  of  the  varieties  of  iron  now 
raantjfftotnred  in  tlie  establishments  of  those  who  deal 
in  this  very  nficful  metal,  tho  most  comphcated  de- 
sign may  be  suoceBsfnlly  realized.  In  tluB  example, 
however,  there  has  nndoubtedly  been  a  great  amoimi  of 
fitting  requisite :  tite  blacksmith  and  white- 
emith  have  worked  to^^ther,  "with  the 
hammerman,  the  iitcr,  and  the  fitter.  It 
unites,  however,  hi  a  remarkable  degree, 
the  qualities  of  strength  and  hf,'htneQS,  ia 
connection  with  the  power  of  realiEing 
great  beauty  of  design.  The  rosettes  and 
shielde  GG  add  much  to  its  quaint  and 
p^tiliar  chaiTLctfT, 

In  Figs.  1 2B  and  1 50  excellent  examples 
of  working  in  eolid  iron  are  shown,     Tha 
ascending    character    and   intention   of 
these  fiuials   are  well  maintained:   they 
are  intended  to  represent  the  ornamental 
terminalions  of  turrets  or  gablcB :  and.  in 
connection  with  the  pointed  style  of  archi- 
tecture, they  appear  to  be  in  admirable 
keeping.    A  considor»ble  portion  of  these 
have  evidently  been  formed  by  the  nse  of 
swsfjca.    The  details  of  tho  coronet  in  Fig, 
IQfl  are  scnlptm'ed  after  being  forged,  as  nlso  are  the  pendant  flowers.     The 
Bame  aniount  of  care  ia  evident  in  Fig.  130,  the  reverse  heart-focmed  otuA^ 
mcnt,  with  its  leafDge+  being  a  clever  excmpliilcation  of  the  iron-worldng  of 
tlie  period,  Ehrvwing  aUke  good  forging,  fittings  and  tasteful  design, 

With  the  period  of  tlio  Mitldle  Ages*  however,  all  clever  conetniction  iB 
iron  did  not  terminate  ;  the  spirit  which  animated  tliem  seems  to  have  lin- 
gered for  a  lorg  period,  and  cTiii  to  have  Eurvived  in  tlie  workman  long 
after  the  architect  had  surrendered  fill  claims  to  originality  in  his  deajgns» 
and  adopted  the  conventionalized  treatment  of  on  inferior  architecture.    It  i£ 
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mo3t  true  that  floiiJity  ami  incongruity,  in  the  majority  of  instaucoa,  marked 
the  prodactiona  of  tiio  Utter  period;  but  the  coustructiou  was  quite  as  com- 
ptkated.  if  not  more  so,  in  so  far  as  the  pieces  which  made  up  the  work 
I  were  larger,  wUilo  the  floriated  or  uuturaUstit:  chajracier  of  the  design  iuoreaaed 
j  the  diftioulty  alt£ndB.nt  upon  the  luiLmpiilating  prooeaa.  La.  this  clu&s  of 
works  Tve  only  include  such  examples  of  iron-wo^kinig  aa  were  made  bj  the 
blackBmith  with  tlie  hammer,  and  of  wliich  the  scroUa  or  floriated  porliouB 
introduced  were  part  and  parcel  of  tlio  warkmansJiip,  and  not  such  as  may 
be  foond  on  tlie  gates  of  the  Clarendott  Printing-Oflice  at  Oxford,  with  gth^ 
examples  produced  in  the  early  part  of  the  seveialceialh  century,  where  the 

ahno&t  Quatomc  character  of  the 
de^gn  necesaitated  the  piaaiug  on 
of  tills  aruatnenta  or  aeroll^  to  tlie 
BkeletoQ,  foriQod  of  bar  or  rod-iron. 
In  tills  style  uf  constnictiun,  the  or- 
namiMitij  clui]g  to  Uie  skeleton  lilco 
limpets  to  a  rock :  Uiey  wure  itt- 
tach^d  exLenially,  and  tJicy  showed 
that  exich  was  tlieir  conuet'tion ; 
ignorijig  the  principle  tliat  tlie 
deeoroUoii  ehonld  jjisenaibly,  as  it 
were,  Buggeat  that  it  wa^  a  imity 


loMparable  from  the  ohJe«t  of  which  it  formed 

a    port.       For    the    betttir    undi^rslandiug  of 

the  mode  of  working,  two  illnstrtLtiuns  nra  here 

introduced  (Figs,  l.'*0   nnd  Ml),  in  which  the 

work  wad  produced  cliielly  by  the  blacksmith, 

■nd  in  which  tlie  uitiomontal  parts  naturally 

take  tlieir   placo.      It   mny  ha  well   to  point 

cut  tliat  Fig,  lUU  ia  aimply  a  flllin{^  up  of  a 

spactT  or  panel,  whero  Etroufiflli  is  secured  by  the 

intrudiiction  of  ibe  uprights.     Fig,  V^l   repro-  riff»ui. 

Bonts  tii«  intenaedittte  punch     These  two  examples  boar  indubitable  evi 

dance  of  the  biymt^ful^  chariicter  of  the  workmanship,  in  the  haminer  ]uark« 

whieh  may  be  detected  on  Uie  surfaop,     Fiff.  132  is  the  flower  aliown  in 
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sectloa,  wliioh  w«»  forged  sepwatelj.  And  screwed  on  to  Uie  end  of  the  coii- 

-.         Tolutfid  atem.    It  will  also  be  observed  tUat  connection  is  made 

"^^t^i^^  of  the  scTcral  parts  formeii  separately  by  means  of  bonds  or 

*  clip3,  marked  G  G  G.     In  tiicse  illiiatrationSf  creiy  portion  of  the 

Fi*.  1*3,      railinga  iraa  T^Tonglit  frcm  Lariron,    They  stand  on,  and  form  ihe 

bnliistrftdes  and  railings  of>  Uie  staircase  of  a  building  designed  hy  luigu 

JonoSt  now  the  council  chamber  of  a  gmall  provincial  town  in  Scotland ;  and 

the  workman  T^'ho  eonstmctod  them  tvbis  paid  at  the  rate  of  a  groat  a-dny 

for  his  labour.    Tlio  iron-work  of  the  gales  of  Gray's  Inn  and  of  the  T^mplo 

Gardens,  LondoD,  partnltes  of  this  stylo  of  workmanship. 

In  order  1o  illustrute  more  fiiily  the  methods  of  conBtmction*  or  modes 
TVorking  adopted  in  ornamental  iron-work,  ftn  cxEimpIe  of  "  etnek  on"  onifl- 
meut  is  ihtruduced  in  Fig,  1S3.     This  gixe^  evidence  of  Ekilful  worJiinan- 


Fi^.  lis. 

Rliip — u  knowledge  of  tho  art  of  •* beating  up"  or  repovste  in  iron,  tpHcIi  ia 
creditable  to  the  artizans  T^ho  were  eiignfred  in  the  production  of  the  work- 
The  eeveral  pieces  of  omoment  wfr«  formed  eeparately^  and  aUached  to 
the  frame  hy  pinning  th^^m  to  the  already  formed  portioB  of  the  gate  (B). 
Great  intelligence  and  skill  ha^e  been  shown  bolli  in  tlae  beating  np  of  the 
ornaments,  and  fitting  them  on ;  but  neither  tlic  design  nor  the  method  of 
construction  can  be  commended,  howoTcr  much  the  skiU  of  the  'workman 
may  be  ndniired, 

Doiibtlcsa  there  are  other  andTaried  methods  of  eonstrnction ;  but  in  the 
eiflmples  introduced,  the  principles  which  are  iiiTolved  in  ornamental  iron- 
working  have  been  laid  down.  The  use  of  the  too3s,  and  faeihty  in  practically 
working  out  the  art,  can  only  he  arrived  at  hy  an  ac^jnaintance  with  the 
laboTu-B  of  the  smithy.  One  peciiliority  disUngnishea  the  present  age — that  is, 
the  diTision  of  labour :  a  pnnciple  well  fitted  ia  quicken  production,  bnt 
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utterly  aubvorsiva  of  the  leading  cliarjKitomtics  of  tho  older  wurkers  in  metal^ 
nnd  calculated  to  destroy  all  originality  in  tlie  workman.  In  those  days 
the  artLzan  worked  out  the  object  himself;  he  made  what  tools  he  requiied — - 
he  laboured  cara€stly  and  truthfully  at  liia  task.  But,  with  all  ihe  levelling 
tendency  of  tlie  present  system*  it  is  evident  that  \^-ith  the  aldon  tinie,  the 
uicient  skill  and  ability  of  the  artizans  of  this  couiitry  hare  not  wholly  de- 
partedr  for  works  in  iron  have  recently  been,  and  are  now  being,  made  by 
Hardman  and  Co.,  of  Bimiingham,  and  Skidniorc  of  Coventry,  wMcxh  quite 
eqa&l  the  best  examples  of  the  mcdiiBval  period.  Ttieso,  however,  havo  not 
been  produced  by  ordinary  workmen,  but  by  men  traiacd  under  tlie  iuspeotioii 
of  snperintendenU,  nUo  havo  studied  design  and  aonstructiou  united.  TMb 
eonsideration  Bug^csta  the  propiiety  of  tlic  union  of  Uio  two  elements — tlio 
defiigaer,  with  a  thorough  ]iiiow]edge  of  the  principles  of  design  as  wtll  as  the 
modes  of  congtruetion :  and  tJto  arti^an^  wllii  eyes  educated,  to  produce  tbe 
ilaaign  placed  before  him.  The  trtie  test  of  the  skilful  artisan  is  the  ability 
to  work  out  readily  whatever  design  in  plac^ed  before  him  in  a  drawioig ; 
and  bo  should  ever  bear  in  mind  that,  however  common  tlie  material  on 
whicfh  be  is  operating,  it  is  intelligent  labour  which  lends  the  valiio  to  that 
nuiteriaL  Keeping  this  ever  in  view^  will  be  an  incentive  to  hia  excrttoiis, 
uid  makci  him  anxious  to  eiLCel. 

A  word  or  two  on  tfie  preservation  of  worka  in  iron  may  not  be  out  of 
plaoe  in  concluding  thia  portion  of  our  subject.  The  tendency  to  decay  by 
oxidation  in  a  pccuhar  dcgcae  distinguisheB  this  metal;  it  may,  ho'n'uver, 
be  protected  by  being  covered  or  painted  ovoi'  with  an  oleaginous  vorniah  ; 
litis  allowH  tho  natural  colour  or  stun  of  tlie  iron  to  bo  &ecu,  and  is  usually 
Applied  where  there  ia  a  desire  not  to  conceal  tlie  matoriat  out  of  wluch  the 
work  to  be  prcser^'ed  is  made;  iron  may  also  be  coated  with  gold,  silver,  or 
<!Opper,  by  the  electro- deposit  process.  Brvuxawick  aiid  Berlin  black  var- 
niabes  are  frequently  u^ed  to  coat  and  protect  iron.  Coating  by  iuinierdon 
in  a  bath  of  melted  tin,  15  sometimes  adopted.  Galvanizing  (a  misuomer, 
however),  by  means  of  coating  by  immersion  in  melted  zmo,  has  recently 
been  in  much  favour  for  the  same  purpose;  and  the  cheap  process  of 
enamelling,  known  as  that  of  Paris,  has  also  been  tried  with  complete 
snccesa.  For  the  three  last  moans  of  protection,  it  is  necessary  to  clean  the 
akin  or  outer  surface  of  Uie  article  to  bo  protected »  by  imraeiaion  in  muriatic 
acid  (npirita  of  etdt) ;  and  when  this  has  been  done,  to  dip  the  cleansed 
ajlicJo  in  a  bath  of  melted  tin  or  xinc,  when  the  complete  adhesion  of  a 
coating  of  tlie  melted  mebU  is  readily  secured.  In  enamelling,  in  the  early 
stage  of  tlie  process,  the  same  method  of  cleansing  is  gone  through;  the 
article  ro  cleanaed  ia  then  dipped  into  a  prepared  gummy  or  adheeive  iluid; 
the  glass  or  enamel,  reduced  by  pulvcri/ation  or  grinding  to  a  grouulous 
powder,  is  daated  upon  it,  and  it  is  then  put  into  a  suity-hlc  muJHe  and  placed 
in  a  furnace ;  the  rosult  Is  that  after  a  few  miuutee'  exposure  to  tlie  intense 
heat  of  the  muffle^  the  powderfuscs  into  a  uniform  glossy  coating,  impcrvioue 
to  damp,  and  aOording  complete  protection  to  tlie  metal  object  so  coated* 

Azehitflotnr*. — ^Leaving  the  more  minute  manipulations  in  iron,  wo 
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MCI  .    i-I.ilM.initt"l  iVuiii  tlu'  i-K'tiiiiL 
mill  iiniustry  ct"  l-'i-x   iiu>\    Hi.-iuii, 
iron  arcliitcctiire  liv  iho  very  jjrou 
tlity  with  v.hicU  it  rose,  i^'ourillili 
space  which   it  covered ;    but  tho 
cxcex)ting  its  transept,  oninmeutal 
gaTO  uo  relief  to  tlio  eye.     Tiiuo, 
tltis.     liomoilellcd.  and  &tiuiding  uu  \ 
tiona!  transepts,  it  mu»t  bo  adniittc 
tlio  ideas  of  Mr.  Tickett ;  but  someti 
true  cax)ahilitics  of  iron  for  omoinei 
developed.    Oue  property,  however,  1 
viz.  its  great  sti'cnglh.    There  were  nt 
satisfactorily  to  their  own  minds,  tlmt 
necessarily  fall — it  could  not  stand ;  it . 
iug  n}iside  down ;  a  gule  of  wind  wen 
found  itH  way  into  the  interior :  tlie  gall 
other  sunuiscs  and  doubts  had  a  quietu 
Burjmsscd  the  most  sanguine  expectutioi 
structure.    It  may  be  interesting  to  rei 
great  national  work  '61^  i  tons  of  cast- 
iron,  and  tliat  at  one  i>eriod  not  fewer  t 
There  were  H'SOi)  castiron  girders,  rcsl 
employed  were  reduced  in  tliis  worli 
uuifonuity  being  tlkc  great  object  aim 
neccssaiy.   This  operated  in  u  saving  I 
where  rapidity  of  constructiou  is  the  ))u 
architecture  having  been  ascertained,  il 
has  3*ct  been  made  to  add  to  if  '^- 
done.  !>***•  '"■ 
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by  fvliicli  tli«  grUiaajy  electa  of  masonic  arcliiUcture  iu:e  obtained.  The 
greatest  objcctioii  wldtli  could  be  brought  af^aiii&t  tlie  materiol,  is  its  liftbility  to 
ojudaliou ;  but  tbal,  aa  we  have  juat  seen,  may  be  couutei'OGtcd  by  various 
means,  as  eketro-coutiug  ^vith  copper,  or  the  fio-cidlcd  process  oi  galvainziug 
or  immeraiitg  LLe  iioc  in  a  bntk  of  melted  zinc-  l^he  applicalion  of  baxium 
or  carbonate  of  barytca  ie  also  recommeiidod  for  tkis  purpose  ;  coupled  with. 
its  Huceptibility  for  tlie  peniiaiicnt  relcution  of  Everj'  variety  of  coJouii  this 
luatt^nal  produces  &IL  tlm  appeai*uiice  of  porcclaiu  on  the  surface  of  the  iron» 
preaeiiting  great  richnaaa  in  cd'oct;  but  auEundled  glaaa  is  by  for  tbo  most 
attrRctive  uuiterial  for  these  purpo&es,  poa^esdi^g,  as  it  does,  the  additiaB&l 
leooxum^udatioii  of  the  most  perfect  and  «)uduriug  clcajiliuesa. 

An  imifonu  aud  cuuBi^tent  application  of  metuls  to  the  pui'posce  of  archi* 
tectuxe  yHI,  pcrhnpu,  Icud  uioru  than  anytliiiig  that  cuuld  be  devised  to  en- 
courage the  reviv^^  of  the  beautiful  art  m  "  T^rought-iroti  worlc^"  which  waa 
(onubrjy  carried  to  audi  great  |>erfeution.  The  e3t*;elleiice»howeTer,  to  whiah 
every  descnptioij  of  tsafiLiiig  is  now  cRXried,  and  the  iuJinitely  grtater  economy 
attendant  upon  it,  tiiH  doubtless  render  very  hituted  the  employment  of 
wroui^trirou  workia  aitj  metAUic  ai'izhiteclure,  unless  it  be  o^  a  paxtiiil  and 
Bikx^*^^^  Bi^unct,  occupying  a  simihu  position  in  rehiLlon  ihi^reto,  an  does  the 
art  of  scuJpture  to  ihi^  masonic  art 

Independent  of  citotitig,  Taiious  other  procefiBCS  in  the  manufacture  of 
metals  wiU,  boUi  in  regard  to  effect,  utility,  and  economy,  be  found  highly 
naeful.  Amongst  Lhc&e  may  he  enumerated  the  roUing  ond  corrngixting  of 
aheetiroui  which  may,  with  great  advantage,  Va  applied  lo  various  internal 
purpofieia;  stamping  or  emboBsiDg  in  the  YariouB  forms  required  for  the  de- 
corative feaUurea  of  the  art,  whenever  the  proce&eea  of  working  ot  casLing 
prov«  too  difficult  or  e\jw:jjBive  to  he  obtauied;  every  descriptiou,  iike- 
m»e,  of  woven  or  wiitS'^vork,  wheiUer  in  the  fuim  of  gauze  for  a  lining  of 
^aertain  parta  and  for  Uie  purpose  of  ventiialion,  for  the  admission  of,  or  for 
Bubduiug  the  «i?'cctiJ  of  hght.  force  of  the  euu  s  rayB,  &c. ;  or  in  any  other 
form  (and  Uiey  are  mnltitudinuus)  In  which  it  may  be  worked  by  the  haudi 
and  employed  for  the  pur]>o^ijS  of  ait. 

Copper,  and  more  obpccially  brass,  wiB  also  be  foimd  ft  highly  ui^efal 
couatitnent  of  architecture  in  conjunction  with  iron.  The  facility  and  beauty 
with  which  cvay  variety  of  form  may  be  produced  by  me^mB  of  cmbosaing 
as  well  03  of  casting  in  this  m^(al,  and  the  advantagcu  it  possesses  of  afismn- 
iug,  and,  when  lackered,  of  permanently  retaining,  a  colour  and  polish 
aunihur  to  that  of  gold,  togetl»er  with  the  cheapucad  of  its  production,  render 
its  iixtenaive  iutro^lucLiou  into  the  interior  of  edifices  an  objoct  liighly 
deairabl^  whenever  the  practice  of  '*  a  legitimate  metallurgic  architccturo" 
shall  be  established. 

Japaniui>g  and  enameUing  in  vaiioiis  colours,  &o.,  whilst  funning  an  fx^ 
celient  prcstarvative,  is  also  a  faniihur  appendage  of  meUDSc  fiubeiajices  in 
manufacture,  and  is  Uiercfore  consiateutly  adnuBSible  for  the  pwriioBcs  of 
internal  decoration,  In  fact,  almtost  every  desciiption  of  paiuf*  aa  well 
•a  the  najori^  of  cokmra,  being  composed  of  m«tallie  substances,  are 


il 


ntarlts  necefssarily  evolve  hftve  not  jet 
fuctiDn  m  koowing  Umt  reD^ntljfttte 
subject  by  the  Eeclcfiiological  Society. 
in  March  IbsI,  besideB  putting  tbemst-l 
Hokoltt  applied  io  twa  eminijnt  cant 
church*     Tlic  tcononiy  of  iron,  in  con 
■will  at  onco  be  evident^  ivhon  it  is  sho 
Gated  iu  Btone  would  coei  upwards  of  ^ 
CoTentry,  agrfod  to  execute  tlic  same 
Uio  £utn  of  Jb'i'tiiOt  Qitd  Me&Bfs.  NcugUt 
Bimi  of  £2\U0.    The  retnarkB  accotnpa 
were  of  GD  mteUigentand  explanatory  ft  ol 
before  the  reader: — "  If  iron  ia  to  be  c( 
Iocelity«  rmd  to  be  used  ns  otir  forefatltt 
giving  it  its  iiatiuul  expressiou,  ndding  a 
it  wotild  be  imlUfG  their  actions  and  unwt 
considering  the  facility  of  its  producUoi 
tending  use,  it  may  be  coneidcrad  as  a  i 
dieut,  LDBtead  of  giving  to  it  that  develop 
80  capable. 

"  In  furtherance  of  these  views,  I  w 
forms  of  iron,  the  constructive  supports  i 
nuious  colours;  as  also  carvingor  ceramic 
interior  would  d&otd  ample  scope  Jbr  cai 
mncli  nscd  in  the  fourteenth  century.  1 
with  pigments  to  prcaerre  its  surface,  ( 
Qluminatiou.  The  renewed  nse  of  cryst 
work;  the  use  of  enamcK  which  prescm 
extent  even  than  in  ancient  work  :  tlie  cot? 
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with  the  architectural  design.  The  walls  are  formed  of  double  iron,  placed 
Bome  inches  apart*  and  the  interstices  packed  with  felt  and  sand;  the 
beantifiadly  designed  rood-screen,  with  the  foliated  or  ornamental  cross  sur- 
mounting  the  apex,  and  the  decorated  altar-rail  of  hammered  iron,  add 
oonaiderably  to  the  beauty  of  the  interior.  Externally  the  appearance  of  the 
elevation  is  not  so  attractiro ;  its  plainness  is,  however,  relieved  by  the 
belfiy,  with  its  perforationB,  its  crockets  and  ornamental  cross,  and  tlie  iron 
filling  up  of  tibe  walls  of  the  porch.  Altogether,  the  admirable  designs  of 
Mr.  Vose  Pickett,  and  the  example  now  under  consideration,  lead  us  to 
think  that  there  is  a  great  future  for  iron  architecture,  when  the  capabilities 
of  the  material  are  taken  advantage  of,  and  that  encouragement  vouchsafed 
to  it  which  the  importance  of  the  subject  demands. 
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CHAPTER  XXVU- 

COPFBa  AKD  ITS  OEES;   XQSIR   B¥KONYMES,  P]40r£Exr£a,  A»D   USXS. 
FROCSaSKS  FOS  CLEANING  ORUS. 

Copper  is  ono  of  the  six  primjtiro  met^la;  it  is  the  lightest  of  all  except 
iron  fmd  tia.  mid  the  haMcat  of  all  except  iron.  It  mixes  in  fusion  ^rith 
botb  gold  uud  silver,  tu  both  of  which  it  forma  an  alloy.  It  is  Tery  liable 
to  rust;  all  Idud^  of  aalU,  all  unctuous  bodies,  aud  many  other  natoial  sub- 
at^m^ea  subsequently  to  be  doacribcd,  are  solvents  for  it.  It  ia  roiuarliably 
sonorous,  being  the  basis  of  all  the  compound  laetoJs  in  which  that  quality  is 
Bought  for;  and  its  divisiliility is  so  ^cat,  that  a  giuia  dieaolTod  in  an  alkali 
will  give  a  sensible  colour  to  flOO,UUO  times  its  weight  in  water.  Af(«r 
hammering,  it^  appenranco  is  fiilky,  and  its  lustre  seems  to  be  tncreas«d. 
Heated  to  fusion,  it  absorbs  oxygen^  oxidises  at  the  flurface,  aud  becomes 
covered  witli  a  black  crust ;  and  it  m^j  be  converted  into  suboxide  allogetlier 
by  a  atrong  heat  in  tlie  mufile.  At  a  high  white  heat  it  burna  Avith  a  gT«enisb 
coloured  flame.  In  dry  air,  copper  is  UDchangt^ablo;  in  moist  air,  aud  in 
presencti  of  carbonic  acid,  sulphuretted  hydrogen,  or  other  acida,  it  bccotnea 
darkt  and  assumes  a  bronze  ealour. 

Copper  is  a  red-coloured  mctul^Tfitli  a  specific  gravity  of  8'16*  which  may 
be  increased  to  OOO  by  hammering,  or  one-seveuth  heavier  than  MToixglit-iroa, 
It  IB  on  excellent  conductor  of  heat  and  electricity.  The  Icuflcity  of  cost- 
Coppcr  ia  aufficientto  support  a  weight  of  19,000  lbs.  to  the  square  inch,  or 
rather  more  tlian  half  as  much  as  good  cast-iron.  "When  lieftted.  it  rapidly 
loeea  atreugtli,  and  at  a  dull  red-heat  is  little  more  tlian  half  as  strung  as  at 
on^ary  temperatures.  It  melts  at  lw:f  of  Fahrenlieit's  IhermomettT.  accord- 
ing to  DanieU, but  Plattner  and  duy toa  Morveau  make  it  SUa"" and  22yi* re- 
spectively. By  numerous  expenmeots  tlio  author  has  determined,  that  at 
2100°  copper  coin  is  very  tluid,  from  which  circumslnnce  it  may  be  inferred 
tliat  the  fusiugpoint  is  within  a  few  degrees  of  ;iOOO*. 

Stjnont/uien:  Cuyjium,  Lut.i  Ciuvrt*.  jPr;  Kupfer,  G^f . — The  name  of 
tilts  metal  is  said  to  have  been  derived  from  Cyprus.  Ey  iJio  alohemista 
it  had  tlie  applicnlion  of  *^  Yeuue,"  from  n  supposed  relation  to  the  phutet  of 
Umt  name.  It  has  been  known  from  the  most  remote  antiquity,  having  been 
lai-gcly  employed  by  the  ancients  fur  weapons  and  utensils  long  before  the  art 
of  making  iron  aud  steel  was  discovered.  It  is  probable,  from  recent  digco- 
veriea  made  on  the  American  continent,  that  it  was  obtained  principally,  if 
not  entirely,  in  the  metaUic  form ;  for  amongst  the  North  American  Indians 
weapons  of  copper  wore  found*  whiiih  have  eubsequently  been  traced  for 
tlicif  oiigui  to  cstf  nsive  Jepnaits  of  the  metiU  ui  a  native  state. 

On  tho  shores  of  I^ake  Superior,  in  North  Amciica,  masses  of  tljc  metal 
have  bicu  found,  varviug  from  a  few  pomida  to  more  than  eighty  toua  in 
weight.     The  pmduro  of  tins  district  ia  ISftfi,  ciniRistinjr  principflUy  of  tlic 
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metal,  amoiinted  in  Ttdne  to  upwards  of  two  tdOUoh  dollars.  Mr.  Henwo<jd, 
who  visited  theai?  mines  in  Uiat  year,  spe^tcs  of  iiaviug  aeon  tJie  miners  cliip- 
ping  od'  tlie  metal  wtth  sLarp  steel  uhisolB ;  but  so  tough  waa  it,  tbftt  it  curled 
up  like  Bhavinfjs.  ^luch  difficult)*  h&s  been  experienced  in  workiDg  these 
mines,  oa  nceount  of  Ihe  extraordinary  amoimt  of  labour  reqidaite  for  cutting 
np  these  masses  of  motal. 

It  is  frequently  foimd  alloyed  with  siJyer^  or  in  dendritic  masses,  whoso 
branches  are  half  bUvot  and  half  copper,  botli  of  brilliantly  bWght  metallio 
lustre ;  the  silver,  for  the  most  part,  havijifr  a  frosted  appearance. 

A  hirgo  vein  baa  lately  been  found  at  Haerlech,  North  Wales.  Itiaoffrc- 
qneiit  occurrence  in  small  quantities  in  most  of  tlic  copper  miaes  in  Cornwall, 
In  the  mining  department  of  the  Great  Exlubition  of  IB5I,  there  was  a  Tcry 
large  epecimen  of  it  &om  Uie  Trcnanoe  Mines,  in  the  Lizard  district.  It  was 
a  portion  of  a  moss  thirty  feet  in  length,  taken  from  a  lode  workod  in  the 
seipontine.  It  is  also  found  in  Sweden,  Hungary,  Siberia,  and  Brazil.  It  is 
ordinarily  associated  with  granite,  gneisa^  clay-slate,  micaslatep  serpentine^ 
steatite,  quiurtz.  carbonate  of  lime,  sulphate  of  lime,  and  sulphate  of  barytes. 

It  occura  ctystallized,  iu  ootaliedral  ai^d  other  forms*  in  ramose,  dendritic^ 
and  amorpho^  masses ;  but  more  frequently  in  plates,  leaves^  or  grains  of  a 
brownish  red  colour,  ductile  and  malleable ;  but  by  fusion  these  properties 
are  rather  injured  than  unproved. 

Pure  eoppor  iu  mass  is  hard  and  sonoroos,  but  capable  of  being  cut  with 
a  knife.  According  to  Moh's  scale,  introduced  in  "Chapman's  Alineralogy," 
zta  degree  of  hardness  is  2*5  to  A,  that  of  tin  being  2,  and  lead  1-5.  Its  hard- 
ness  is  increased  by  hammering*  rolling  into  sheet,  or  drawing  into  wire.  If 
either  of  ttiesa  proCGsseB  be  repeated  suiBeiently  long,  the  metal  is  rendered 
exiremely  brittle ;  hut  its  tenacity  and  maltcabiUty  may  be  reBlored  by  a 
profiess  of  anneallug,  to  be  hereafter  described  in  treating  of  the  uses  of  the 
metal. 

A  fracture  of  tko  metal  iu  a  soft  state  is  red,  shining,  granular;  and  if 
Tery  soft  metal,  it  is  crystalline.  When  hard,  its  fracture  presents  a  fibrous 
lightJBh-red  Bilky  appearance.  Tho  increase  of  Bpecific  gravity  from  S'76 
to  fl'O  by  hammering  was  supposed  to  arise  from  the  condeusatjon  of  tlie 
particles  of  tlio  mriss ;  but  when  copper  fa  melted  in  contact  with  the  atmo- 
sphere, it  absorbs  oxygen,  and  bccomea  slifjlitly  porous.  This  absorption  ia 
prevented  by  fusion  under  common  salt.  Tho  density  of  the  metal  so  faaed 
has  been  found  to  be  8  021 ;  and  after  being  subjected  to  a  pressure  of 
aOO,OOOlbs..  it  has  been  increased  only  to  8  i>30.  TIte  difference  is  so  alight 
Uiftt  it  is  probably  owing  to  a  diminntion  of  the  spaces  still  remaining,  rather 
titan  to  an  approximation  of  the  particles  of  tho  mass  to  each  other.  It  has 
a  disagreeable  taste  and  smell.  It  is  an  excellent  conductor  of  heat  and  of 
filectricitj'.  Its  power  of  conducting  heat  is  806,  tating  gold  at  1000 ;  iron 
being  374,  and  lead  170. 

A  bw  of  copper  heated  from  SS"  Fah,  to  213"  is  lengthened  abottt  l-QSOth 
partr  Tvliile  iron  is  extended  only  1  810th. 

Taking  its  power  of  conducting  electricity  at  100^  that  of  silver  will  be 


1 


&i;o 


VSKR    if   frnpitEB. 


II 


13U£rj,  of  gold  Tti'7U,  of  iruu  17'74rSothat  it  will  be  seen  tli&t  it  is  oueirf 
tha  beat  conductors  of  eiectricity. 

Copper  in  a  ^oely  dividi^d.  gLlIo,  if  pressed  to^Gthcr  and  made  red-hot,  as 
in  "WoUaaton's  process  of  prepnriiif^  platmfl,maj'bo  welded  together  into  a  solid 
maaa,  provided  it  lias  h^en  soaked  iix  oU  previous  to  igmtion,  in  order  to  ptt- 
Vfiiit  oxidation.  It  expands  in  solidifying.  The  addition  of  0*1  per  cent,  of 
potassiam,  zinc,  or  lead,  will  prevent  expaiision  in  cooling-  It  boila  ftt  sm 
intense  white  heat ;  but  is  not  volatilised.  Exposed  to  inteoae  heat  in  &  cdoae 
vessel,  it  incurs  no  sensible  loss  of  weight 

In  &  finely  divided  state,  placed  on  ignited  cUarootil,  it  bums  liico  tinder : 
if  on  being  lighted  it  be  put  Into  on  atmosphere  of  oxvgcn,  the  combustiou 
becomes  very  vivid,  tJie  metal  being  converted  into  the  state  of  protoxide. 

Lengthened  exposure  of  the  bright  metal  to  a  humid  atmosphere,  causes 
its  ojddation,  and  it  becomes  covered  with  a  preen  carbonato  of  coppeft 
commonly,  but  incorrectlj,  termed  vcrthgris.  Heated  to  redness  in  contact: 
with  Uio  aiTp  it  oxidises,  aud  the  scales  of  the  oxide  fall  ofL  With  caro^  at  a 
low  redlieatp  bars  of  it  may  be  worked  by  the  smith  in  tlje  same  manner  as 
iron.  Unlike  iron,  copper  will,  under  no  drcumEtances*  decompose  water, 
not  oven  with  the  intervention  of  acids.  It  is  solubk  in  acids,  but  mostly  ao 
in  the  oxygenating  acids. 

In  nitric  acid  it  h  rnpidly  dissolved  yviih  the  evolution  of  nitric  oxide, 
which  is  converted  into  Uie  ruddy  violet  fmncs  of  nitrons  acid  on  coming  into 
contact  with  tho  atmosphere.    It  is  dissolved  in  concentrated  sulphuric  acid^^ 
on  tlie  application  of  heat,  with  the  evolution  of  snlphurous  acid  gas.  aii4^| 
the  pradu-ction  of  sulphate  of  copper.  ^^ 

Aludatic  acid,  strong  or  dilute,  dissolves  it  but  bloiirly,  and  only  with  the 
access  of  air.  Strong  solutions  of  the  nlltahes  have  no  action,  becfluiw  they 
contain  no  atmosplieric  air ;  but  wenk  solutions,  especially  of  ammonia. -nith 
the  access  of  ftir^  rapidly  dissolve  it.  The  solutions  of  copper  are  distinguished 
by  their  ^reen  or  purple  colour.  That  of  ammonia  is  particularly  remarkable 
for  its  deep  purple  colour.  ^H 

The  oxides  of  copper  obtained  from  solutions  in  acid  by  neutrali2atioan| 
rath  alkalies,  maybe  readily  obtained  perfectly  piu*e,  in  the  metallic  fonn,bjr    i 
passing  hydropen  over  them  in  a.  close  tube  exposed  to  heat.    A  heat  below 
redness  is  sufficient  to  cause  tlie  dc:compositian  of  the  oudes  vdili  the  pro- 
duction of  metalUc  copper  and  of  water.    The  metal  may  also  be  ohtuncd  by 
pnttiitg  zinc  or  iron  into  solutiitns  of  it  in  acid. 

The  nses  of  copper  in  the  arts  and  for  induetrial  purposes  are  exceedin^y 
numerous.  Sheathing  and  fastenings  for  ships,  and  marine  engine  building, 
consume  a  largo  qiiantity  annually.  The  copper-smithi  plated  wore  mann- 
facturer,  locomotive  boiler-mskcr,  aud  engine -^-right,  likewise  w^orfc  np  con- 
siderable quantities,  principally  as  bar  or  slieet  copper;  while  the  mint  is  a 
larrro  customer  for  the  copper  coinage.  But  the  articles  made  of  tlic  metal 
itself  ore  few  in  cojnporjfton  with  the  nninberless  forms  in  which  it  appears 
as  an  essential  inj^redient  in  mixture  witli  other  subfttaiiecs. 

Tlie  gold  and*  silver  coinnge  is  allnyed  wlUi  copper:  gold  jewellery  is 
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alloyed  with  it  in  less  or  gi*eatcr  quantity  ;  imitation  «:^i'ld  is  composed  prin- 
cipally of  copper;  while  silver-plate  is  alloyed  with  it,  and  imitation  silTcr 
composed  to  the  extent  of  two-thirds  of  the  same  metal.  Chinese  gongs, 
bells,  reflectors  for  telescopes,  statuary  bronze,  gun-metal,  and  brass,  cont^ 
copper  as  a  preponderating  ingredient 

The  most  brilliant  green  paints  are  a  compound  of  copper  with  other 
satbstaiices;  other  combinations  produce  blues  of  great  value.  In  one  or 
other  of  these  forms  it  is  largely  used  in  enamel  painting  and  colour-making. 

Copper  is  one  of  the  moat  abundant  metals.  It  is  found  widely  diffused 
fluronghout  organic  and  inorganic  nature.  Although  all  the  salts  of  copper 
are  poisonous,  both  to  animal  and  vegetable  life,  it  has  been  found  In  the 
aahes  of  plants,  in  the  blood  of  man,  and  in  the  conger,  common  crab,  snail, 
oyster,  mussel,  Ac.  In  the  oyster  it  has  sometimes  occurred  in  sufficient 
qoaatity  to  make  it,  as  an  article  of  diet,  very  deleterious.  It  is  found 
principally  mineralized  by  combination  with  sulphur  and  arsenic. 

"With  sulphur  and  sulphuric  acid,  copper  forms  sulphurets  and  sulphates 
of  definite  composition ;  arsenious  and  carbonic  acid  also  appear  to  combine 
ivith  it  in  atomic  proportions.  With  iron,  gold,  silver,  lead,  tin,  zinc,  and 
some  other  metals,  it  forms  mechanical  mixtures  and  chemical  alloys ;  and 
the  same  is  believed  to  be  the  case  with  arsenic.  Sulphurets  of  these  metals 
appear  to  unite  with  sulphurets  of  copper  in  definite  proportions. 

C«ppMr  Ores. — The  ores  of  copper  are  found  principally  in  the  primary 
and  the  lower  transition  rocks,  in  veins  varying  in  width  from  a  few  inches 
to  teveral  fathoms,  several  miles  in  length,  and  extending  in  depth  beyond 
the  limits  ascertained  by  mining. 

JUd  Oxide  of  Copper  (ruby  copper,  suboxide  of  copper)  is  of  a  bright  red 
odour,  sometimes  exhibiting  a  grayish  metallic  lustre  on  fracture,  which 
disappears  on  reducing  it  to  powder.  Specimens  of  this  variety  are  found  in 
Cornwall,  France,  Saxony,  Siberia,  Brazils,  and  tlie  Lake  Superior  district. 
Specific  gravity,  d*80  to  0*00.  When  pure,  it  consists  of  two  equivalents  of 
copper  with  one  equivalent  of  oxygen ;  or,  decimally,  of— 

Copper         .        .        .        8878 
Oxygen  11-22 

10000 

It  has  often  been  found  in  Cornwall,  beautifully  crystallized,  witli  a  most 
brilliant  lustre,  translucent  on  the  edges  of  the  crystals  of  a  rich  ruby  colour. 
A  very  large  mass  of  it  in  the  amorphous  form  was  shown  in  the  Great 
Exhibition,  sent  tliere  from  the  Bedruth  district,  Cornwall. 

Slaak  Oxide  of  Copper  (peroxide  of  some,  protoxide  of  other  writers) 
occurs,  of  a  velvety  black  colour,  in  granular  masses  of  a  gritty  consistency. 
It  is  found  in  small  quantities  in  several  mines  in  Cornwall ;  in  larger  quan- 
tities in  France,  Siberia,  and  the  South  Australian  mines;  and  in  greatest 
abundance  in  the  Lake  Superior  district.  The  composition  of  pure  black  oxide 
of  copper  is  one  equivalent  of  copper  to  one  of  oxygen :  or,  decimally,  of— 
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Tha  richeat  pieces  minod  yield  filioiit  45  per  cent  <tf  tlis  oxMe;  fh« 
remainmg  poirtion  of  the  on  ^Quaistiiig  of  ItoDt  EtolpliiiT,  &nd  earthy  m^t- 
tere.  It  is  nearly  ftlwaya  aocomponiod  by  other  ores  ov  coppt^r,  euch  ts 
the  siilphui^u  aQd  ar^nlAtes,  The  i^  and  black  oxides  aro  diatiogoiahed 
from  otiior  ores  by  their  ro&dy  oolubility  in  hjdrochloxic  acid. 

Mtiriau  ft/Otfpper  (ooyohloride  of  o<q>pcr,  atakamito)  ia  i>f  a  greAD  colosXt 
^yBtaUizii^f  ia  prisms  of  a  specific  gravity  of  4*40  to  4'&0.  it  itf  a  me 
mineral,  having  been  detected  in  nota^sle  qnantiliQs  asily  in  Soutbam  Ita^^ 
SasoQj,  and  the  AtaJcama  Devertr  in  the  ned^hbou^ood  of  Okiti  and  I^anit 
in  South  Amerioa.  Id  tho  latter  oounlzy  It  eKists  in  coQsideiuble  quantiiyr 
decDTupoaed  into  a  green  aand;  but  Qib  abs^ice  of  facililiea  for  transporttng 
it  to  mari^t  has  operated  agaioist  extensive  mining.  Its  t^natituenta  are 
cUorine ,  copper,  oiy gmi*  iron,  and  water,  in  varying  prQportioaa»  the  ^dlowing 
being  tbe  oompoaition  of  one 


of  one  spednten : — 

OUorina 

Copper 
OxygtiL 
Water 

Iron 

16-00 
6760 
11*34 
U16 
'90 

100-00 

Carhonnta  of  Oopper  (malachite,  monntnin  pr«n.  green  ctirbonftteV  This 
variety  of  copper  ore  occurs  of  variotia  shadoa  of  coloor  between  green  and 
blue,  crystaHbring  in  rlioraboidfil  priame  of  a  specific  grmvity  of  3'2  to  S'8 ; 
bnt  more  commonly  in  roniform,  mainmillat<?d(  or  botryoidal  masses.  For 
merly  it  was  obtained  ftlmoRt  exclueivcly  from  (lie  Siberiftn  mineg  i  but  of 
late  ycora  the  South  Anstmlian  jniuea  have  produced  reiy  Irirge  qnantitieSf 
and  Uie  American  mines  yield  Bome  ii^ood  spccimetia.  It  is  also  fonnd  in 
Cornwall.  Jtg  congtitiienfa  are  oxide  of  copper,  carbooic  acid,  and  ivater,  in 
slifthtly  TRrying  proportions.  Tho  analysis  of  a  dean  specimen  of  gr^en 
carbonate  gave — 

OxTd*  of  copppr   -.         .         7£"20 

Cnrbanic  add       .         .         IS'50 

Wfttct,  ftc.  ,         .  fl'30 

100 '00 

This  14  ei^nal  to  a  produce  of  GT'T  of  metallic  copper.  The  admixtore  of 
earthy  matter  results  in  the  average  prodace  falling  considerably  nnder  th£a 
for  large  parcels  of  ore,  A  speciinen  of  blue  carbontttOt  wh«n  aB^yzed,  gave^ 


Oxide  of  copper 
Cfcrbonic  acid 


65-08 

25-46 

5-46 


100-00 
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Many  of  the  carbouatea  of  this  class  have  an  e:tce0dingly  beaiatiful 
appearance,  wliRn  cut  and  polished  to  fibow  the  different  tints  of  the  snc- 
eve^YQ  concentric  lings.  Of  lat^  jetiXB  it  has  beon  applied  to  a  large  extent 
to  ornamental  purposes^  for  Tvhich  the  large  masses  ai'e  eminc^nUy  adapted. 
For  this  purpo&e  it  hcts  bo<?a  principally  obt^ntxl  from  Siberia^  where  maaaes 
of  half  A  million  pounds  have  been  found.  Most  magnificetit  articles  of  virtu 
made  of  it  were  seat  to  the  Great  Exhibition  by  tlie  Rtisaian  Government. 
It  is  only  since  the  discoTery  of  tliia  mineral  in  larga  quantitiea  in  tLo 
AustTJLliftn  mines,  that  it  has  become  a  regiiUr  artick  of  manufacture  in 
Groat  Britain.  Fin<3  compact  pieces  of  it^  cutting  solid,  fetch  as  much  as  a 
guinea  per  pound. 

Dioptase  copper,  or  emerald  maJachitep — a  beautiful  but  rare  ore,  cousistiag 
of  ttiddQ  of  copper,  carbonate  of  lime,  silica*  and  water,  in  Tarying  propor' 
tions, — is,  perhaps,  entitled  to  precedence  as  the  most  beautiful  ore  of  copper. 

AnJii/droiu  GarhonaU  of  C»^pper  (mysorine)  is  a  carbonate  of  a  dark- 
brown  colonr,  generally  shaded  with  green  or  red,  and  of  a  conchoidol  fi-ac- 
ture.  It  is  a  rare  mineral,  found  ouly  in  the  proruice  of  Mysore,  in  India. 
In  addition  to  oxide  of  copper  and  carbonic  acidt  it  contains  peroxide  of  iron 
and  siUca,  neurly  iu  the  following  propartiaas : — - 


Oiids  of  copper    . 

01-30 

CarhoTiic  acid 

lS-88 

Peroxide  of  iron  . 

10-69 

8Qica  . 

216 

100,000 

SulphurgU  of  Copprr. — The  sulphureta  form  tlin  most  abundant  dopoaits 
of  thi.'i  ore  in  the  Old  WorlJ.  They  fti'e  a  uumeroua  class ;  comprising  aimplo 
and  compound  sulphurets,  and  form  the  most  important  metaUtirgic  species 
of  tho  oro. 

Sulpbnret  nf  cwppor  (vitreous  copper,  kupferglimz)  brealcs  with  a  steel- 
gray,  or  grayish  Mack  inctallic  lustre;  crjatnllizes  lu  rhombaidal  furtua  of  a 
spedfic  gravity  5'rtO,  It  is  met  with  in  several  localities  in  Cornwall,  Devon- 
ehire  and  Cumberland,  iu  Saxony,  Siberia,  Australia,  and  America.  Its 
constitnenta  are  coppor  and  sulphur.  In  the  OTe>  email  qunntiticB  of  iron  and 
varying  proportions  of  silica  occur,  as  is  seen,  by  the  folloTving  tabtdor  state- 
ment of  a  very  rich  specimen ; — 

Copper         .        ,        .  79  SO 

Sulphur                .         .  I8'9fi 

Irtra    ....  '74 

SiUca  .        .        .        ,  100 


10000 

In  other  varieties  of  this  ore,  antimony  plays  a  very  conspicuoua  part, 
aclect^d  specimens  yielding  nearly  40  per  cent,  of  this  metal,  with  scarcely  a 
trace  of  irtJQ  and  ailiea. 

Sulphurtt  of  Copper  and  Iron  {yellow  copper  ore,  or  copper  pyrites)  appears 
to  bo  tlie  moat  common  ore  of  copper  in  Knglond.    It  is  rained  in  North  and 
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Copper  p^TJ  tefi  dlfltf 
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In  olher  Tarietiea  ^ 
and  Kolphoi  rtry  t 
cokmnd  om.    The 
prc8<^ting  in  ita  friM 
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ktire  pxtiporCiotiB  of  copper,  h 
illj  prodnciug  Tieij 
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noolKTW,  GT  peacock  £  t&iL  ii  fre- 
vnn  the  common  pTrhea  in  e^^ 
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No,  L 

No.  2 

Copper  . 

38-2        . 

695 

Iron 

.        S2-7        . 

7-5 

Sulphur 

291 

23  0 

lOO'O 


100^0 


Graif  Ooppfr  Om  la  found  to  a  considcralile  extent  in  Cornwall  and  t>tlieir 
cupreoas  dislriotni.  It  is  of  a  eteel-gray  colour,  metallic  lustre,  and  cnrstal- 
My.vh  jo  forrtiH  derived  from  tlie  tetrfthedrttt;  specific  gravity,  4*8u  to  &*JK). 
Tlie  ttuidjBeB  of  Itvo  ricii  ere*  from  minea  in  Coxo^all  gave : — 


Copper 

-iT-go 

4B'2l 

Iron  . 

H'lO 

QU 

ArAenio 

U-40 

19-03 

BulpLuT 

21-60 

25-42 

Eiliea 

fi'OQ 

— 

100  DO 


100-00 


OUi^r  ores  of  ihis  class  coiiliun  notable  quiintities  of  antitnoiiy,  and  lesser 
qunnUtltM  of  zinc  imd  Bilva',    Tbib  ia  more  «gpecially  tlie  c«sb  with  tlioae  of 
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fiai 


41-23 

27-23 

12  63 

10-20 

360 

4-72 

■40 

Saxony.  Huti-^^nry*  Musitio,  Peru,  aud  other  foreign  distncta  where  tliia  oro 
^curs  in  quantity,     Tho  composition  of  a  Haagarian  or«  naa — 

Copper 

SuiphiLf 

Antimony     . 

ArsEmc 

Zino     . 

Iron     . 

Silver  ,        .         , 

lOOOO 

The  other  prmcipiil  compounds  of  flrsem{^  and  copper  may  be  stimmed 
npna— 1st.  Bhomltoidsil  arseniiite  of  copper  (ErimtSf  kiipfergUmmer),  of  ua 
emfirnld-grceu  colour,  and  spei^ific  gravity  iibout  4'0(>.  Couatitueuts— oxidfl 
of  copper  SU  30,  flrsQnia  acid  33  81,  water  502,  alumina  1*78  =  100. 
'iiid.  OctahedroJ  ar^euiato  of  coppor  (leua  ore,  brocouitc;,  of  a  blue  colour, 
ftiid  sp0cific  gravity  20  to  3  !?.  It  conaiats  of  oxide  of  copper  ."jOO,  ivater 
30'T^,  arseoic  acid  1128  ^  100,  3cd.  PriAmatic  araeoiato  of  copper  (olive 
one,  oUvenite)»  of  o,  dull  oli^e  green  colour;  of  specilie  gravity.  5  00  to  I'vao. 
Its  priucipol  constituents  are,  oxid^  of  capper  5100,  arsenic  acid  d-VOO. 
mill  miaute  quantities  of  phosphiites.  The  above  three  varietLes  of  areuiatc 
of  copper  are  found  in  several  of  tlie  G^venap  mines  in  Cornwall,  as  also  in 
utlier  districts. 

Chromnto  of  eoppcir  and  lead  is  a  raro  mineral,  found  in  Siberia  ;  mnd  by 
the  preponderance  of  lead,  belungs  properly  to  the  ores  of  that  metal,  Hum- 
bifcrouH  gray  copper  ore  ol^o  belongs  to  Uio  oroa  of  lead,  its  eompoBitloti 
i>einij  nearly  as  follows; — Lf^ad  40  B,  copper  12fi,  autimony  UC^.  aulphur 
aO'3  =;  100.  The  hydrated  siliGftte  of  copper  (chrysocollnl ,  of  u  bluish-groen 
colour,  and  apecUic  gravity  'S2,  eonaiata  of  oxide  of  copper  50.  silicfl  £0,  water 
IT,  carbonic  acid  7  ^  100.  Stauniferouti  copper  ore  (tin  pyrites,  bell-mc-tal 
ore),  a  rare  mineral*  is  found  only  iu  ConiivriU  and  Mexico,  Its  constitucuta 
are  copper  SU.^o,  tin  30  7(i,  iron  PilO,  sulphttr  3081.  Bisiuutbie  siilphuret 
of  copper  is  of  a  dark  gray  colour,  eonsi^tidg  of  copper  37'  10,  l}iamuth  -iH  74, 
sulphur  1-1"  10^  100.  Sclcuiate  of  copper  is  of  a  ailvcr-wbite  metallic  lustre, 
consisting  of  nearly  G:J  per  cent,  of  copper  to  S^  of  selenium.  It  has  been 
found  only  in  Sweden^  and  in  the  mines  of  tlmt  country  iu  very  limited 
quantities.  Uranium  is  a  coristituent  of  RovoraJ  copper  oros.  found  in  the- 
west  of  Cornwall ;  and  careful  analysis  demonstrates  tho  presence  of  several 
other  rare  raineralp. 

The  phosphates  of  copper  are  principally  of  interest  to  tho  mineralogist; 
(ha  quantity  mined  in  all  cases  ia  too  small  to  render  tlicm  valuable  in  a 
nifiUllargical  eonse.  Very  fine  cabinet  specimens  are  obtuinad  from  the 
American  mines,  riiositlmto  of  copper  ia  of  un  emerald  green  colouTf  con- 
taining oxide  of  copper  fl'i  0,  phosphorii^  acid  2^^  0,  wat«r  70  i^  100.  The 
hydrous  phn>«phntc  of  copper  consists  of  oopper  03,  phosjihoric  acid  2^ 
water  ]&=  lOO. 

Gleaolng  the  07ea.*-This  is  commenced  in  tlic  mine  by  rejecting  such 
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pordoiks  fts  appenr  wortMess,  Eind  sending  tliem  up  «ep«j«t«ly  from  the  om. 
or  stowing  them  airaj  in  any  racant  place  below.  In  determinijQg  the  valne 
of  the  stones  broken*  the  miner  tniatH  to  his  eye  and  the  apparent  heaviiteBft 
as  to  their  being  ffuHiciently  rich  ;  bnt  freqnentlj  the  wlioU  of  the  Btafl'broken 
off  th(j  lode  is  Bent  up  for  dreaaing.  llVhen  worlting  on  poor  ^ound,  how- 
avtT,  the  nice  djscriiiiitintion  observed  in  selecting  tlie  minrmlizcd  portion 
in  tlie  ijnporfect  light  aJlonkd  hy  liis  candle,  is  acquired  onlv  by  long  expe 
ripnce.  Cases  have  occiiried  where  vftUmble  minerals  Imve  been  thrown 
away  as  worthlesa ;  as  an  iiistatico.it  muy  be  mentioned  t!mt  bi  Uie  eafly  tis 
mines  the  tinners  were  ftccuatomed  to  tJirowawflythe  eopper  ore,  uott'  eagerly 
Hottght  after.  This  has  frequently  hecn  adduced,  as  alio'A'ing  the  want  of 
information  among  the  miners  of  that  period ;  in  reality*  howeTeri  it  nowiae 
affects  his  shrewdness  and  general  character  for  intelhgenoe.  At  that  period 
he  was  paid  for  minkiR  tin  ore,  a  ready  Bale  for  T^hich  existed  from  time 
immemoriaL  Had  he  dressed  the  copper  ore  and  offerer!  it  to  (he  tiji-bayers, 
tliey  would  not  have  purchased,  and  he  would  have  loet  in  a  pecimiary  senM. 
■SVhen  the  lulTance  of  metallnrgionl  ecience  had  pointed  out  its  chamcter^ 
and  purchasers  appeared  for  llie  apparently  wortlilees  mineral,  the  minera 
skill  enabled  him  to  supply  t]:e  demand  which  spnuju  up ;  bnt  it  was  no  part 
of  his  province  to  extract;,  at  a  great  coat,  a  mineral  for  which  tliere  did  not 
appear  to  be  a  sale. 

At  theaiirface  the  cleaning  is  recoTmnencedhy  separating  tJic  larger  stonea 
from  the  Hmall  stuJT,  for  *'  ifpi^Uing."  This  operation,  which  is  commonlj  done 
by  men,  consists  in  breakiiig  die  large  stones  into  pieces  of  two  or  three 
ponnda  weight.  Tlie  resulting  broken  mineral  Is  divided  into  three  parcels, , 
viz.  "beat  ore,"  **  poor  ore,"  nnd  "  attle"  or  worthle&a  matter,  which  is  dia- 
chn^ed  from  the  dreasing- floors.  Thn  *'  beat  ore"  of  this  ojKurationtWitli  the 
BTOfiUer  fraj^ments  of  the  pile,  are  "  cobbed"  by  young  females — a  repotitJon 
of  the  Rpalling  process — reducing  the  pieces  still  smaller;  they  are  again 
sorted  into  three  parcels  ;  bnt  tJie  best  ore  is  conveyed  direct  to  the  cmshing- 
mill,  or  placed  nside  for  that  purpose.  Tli©  poor  ore  of  tlie  ppoUers  is  sub- 
jected to  tlio  cobbing  process,  and  is  eimilarly  divided.  If  careful  dressing  is 
pnrano*!.  the  poor  ores  of  the  several  cobbers  are  again  sorted  into  the  thjree 
divisiona.  The  ores  of  the  minpr,  other  than  the  smallestt  are  thus  rednced 
to  t^'o  quulitiea,  and  a  conRJdi'rable  portion  of  the  matrix  rejected  in  thia 
tftrly  stage.  The  treatment  of  the  two  qualities  of  ore  is  essentjally  dif- 
ferent. 

Formerly  t!ie  best  ore  waa  inyoriably  cmslied  under  Hat  hand  hsinmerv, 
or  cobbling  hnmmcrs,  on  iron  plates  or  old  stampheads,  by  females;  and  in 
minsH  producing  but  little  ore,  tliis  metliod  is  still  pursued.  I'he  cast  ham- 
mer has  a  equftre  face,  and  weighs  about  4lbfi.:  with  this  primitive  instru- 
ment the  ore  33  cmslied  so  ns  to  pass  through  sieves  of  four  to  sixty  four 
meshes  or  hollas  to  tlie  equare  inch.  If  Uto  ore  is  of  more  than  ftvemgq  ridi- 
nesSf  it  is  brolten  to  pass  through  the  fewer  meshes ;  if  i>oor,  to  paas  ^troogh 
tho  larger  number, 

Gznihing'- Mills  o»  GilndciB,— 'Mineaprodncinglargequantitiefiof  co; 
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ore  geues'iilly  have  a  mill  for  griuding  tli^^iu  uxpuditioiujly  aiiil  cLctiply.  Tlies^ 
are  a  modern  invention*  hnvin^  been  introduced  to  the  Comiah  mines 
about t]]  irty  years  aince.  AVhen  i>ropcrlj  cons  tructed>  and  worked  up  to  their  full 
power,  they  materially  reduce  the  cost  of  dreaaing  tlio  ores^  and  allow  of  t:ora- 
pamtiTely  poor  oies  being  successf  tiliy  prepaj'cd  for  market.  They  commonly 
consist  of  a  pair  of  chilled  cast-iron  rgllerB  of  odiunantine  liardnega ;  the  oue 
aboat  tweuty-four  inches  diamoter  and  tho  same  ia  length,  the  other  some- 
what smaller  and  Ghorter;  each  

roller  ie  mounted  on  a  x^-rought- 
iron  axle,  which  is  connected  by 
spur-gearing  with  the  cjnnk  ehaft 
of  a  8t©ftm-«ngiiio,  or  some  otber 
piime  mover.  TJie  rollers  re- 
rolvG  in  brass  bearings  in  a 
massive  cust-iron  framing ;  Um 
II  roller  is  maintained  in  ita 
ition  against  the  larger  by 
weighted  Itiversi  'svliich  allow  it 
to  recede  when  any  subataiice 
harder  than  usual  int^'i'veues 
(Fjg-134J.  Commonly  the  rollera 
an  pr^^fised  into  contact  with  a 
loroe  of  Bixty  tona.  Ov^r  the 
rollers  is  c-oiiBtmcted  &  suitable 
ho]>per.  into  wliich  the  ores  to  be 
ground  aro  dt^livcrcd  from  tJiti 
tram-u'Oijgona.  The  gromid  or» 
feJJfl  into  a  divi&ianiU  boppor,  by 

ich  it  is  convey^^d  into  one  end  ^'^'  ^"^'^^  ^"  ''^^^  *^' 

a  cyUudricttl  riddle*  revolving  rapidly  in  a  diagounX  dueetjon.  Two 
addles  are  employcil  side  by  side,  the  one  witli  coarso  and  the  oth^T  with 
fine  meshes ;  by  altering  tlie  divifiiou  in  the  lower  huLipcr,  either  or  both  of 
the  riddlca  may  be  worked. 

The  cmsUcd  ore  passes  tliroogh  the  meahesof  the  riddle,  and  ia  collected 
into  a  tliinl  hopper,  whence  it  ih  let  off,  as  requitedt  uxto  triun -waggons*  The 
tuoredoeed  portion  passes  down  the  riddle,  and  is  delivered  into  the  diagoual 

buckets  of  a  large  internal 
wheel,  cidlcd  a  rafi'-wheel, 
constructed  of  wood*  and 
revolving  mpidly,  hy  which 
it  is    elevfttod    above    the 

^. ,    . _^-__ ,  -i^ ;,  .  roUers,  and  Again  dehvered 

J  ';  ., ,  tiir    ^^  ^^  hopper  for  rB-crush- 

**  ing. 

Pit.  185.-Blunrtiit  m^  of  applying  pr«»ar«  «i  rolltr*.  A  mill  of  the  dimensions 

here  given,  making  twelve   to  fourteen  revolutions  per  minute,  will  grind 
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six  to  ten  toas  per  hour,  according  to  tlie  horduesa  of  the  ore  and  the  ficeu^sj 
Of  roughness  of  the  meshes  in  the  riddle ;  and  o  steam-engine  of  thirty  to 
thirtj-fire  horsepower  is  required  to  drive  llie  miU  efTediTely.  The  rubbing 
part  of  the  rollers  ia  worn  put  hy  tho  action  of  thj*oa  or  four  weeks'  orufihing 
The  best  ore  is  passed  through  tho  coarse  riddle,  and  taken  from  the  cnuher 
to  the  pile  for  sale.  Poor  ore  is  passed  through  a  riddle  with  small  mesbv. 
and  from  the  crushing-mill  is  taken  to  the  dressing-floors,  where  it  tmdergoes 
a  auccession  of  operations,  in  order  to  partially  fr&e  it  from  extraneotia 
matter,  thereby  increfiaing  the  average  percentage  of  metallic  copper  before 
offering  it  for  sale. 

The  first  of  tlacse  operationB  ia  technically  known  as  "jigging"  the  ore  an 
a  cistern  of  water,  Formerly  this  ivaa  imiversally  done  by  tilling  a  qoantitf 
of  ore  into  n  copper-bottom  sieve,  and  tlicn  takirg  it  by  the  bandies,  plungiiig 
it  into  the  cistern,  giving  it  a  jerking,  aiid  at  the  same  time  a  semi-rotatoiy 
motion.  The  act  of  forcing  it  quickly  ijilo  the  water,  causes  a  momentary 
suspension  of  tlie  lighter  pieces ;  after  a  few  repetitions  of  the  proccEs^  thes*' 
are  found  ranged  at  the  top,  ■fthile  the  largest  frngment^  of  ore  sink  to  the 
bottom  of  the  fiicre,  noarly  in  the  order  of  Uieir  specific  gravities.  A  Uiin 
stratimi  is  now  scmped  ofl'  the  top  and  thrown  aside,  a  fresh  quantity  of  ore 
added  to  that  already  m  lite  muTe.  aud  the  process  repeated,  Tlie  proce&s  is 
continued  until  tJie  contents  of  Uie  6)i>ve  consist  iilmost  excInsiTely  of  ora  of 
average  richness,  when  it  is  delivered  to  "  pdc."  In  the  bottom  of  the  cbtem 
there  M-ill  have  been  collected  the  fine  partJcles  of  ore  wliich  passed  throngh  thr 
mesliea  of  the  sieve ;  the  water  is  drained  off,  and  tliis  is  also  carried  to  "  pile  ** 
The  very  finest  ore  held  in  suspension  by  the  water  u  collected  and  cleaned. 

The  hand  process  of  jigging  is  applicable  only  to  snaall  quantities  of  ar^ ; 
when  hirge  quantities  are  to  be  waslied,  mnchiuery  driven  by  steam  or  water 
power  is  subetitnted  for  the  hand  sieve ;  and  the  manual  labour  employed  is 
confined  to  hlling  and  sltimming,  Maclane-wronght  Jiggers  work  on  th* 
same  principle  as  the  hand  apparatuB.  The  wooden  cisterns  are  larger. being 
fl  feet  long,  4  feet  wide,  and  tlie  same  in  depth,  arrwiged  endwise  along  a 
narrow  shed.  At  eaeh  end  is  a  wooden  framework  0  feet  high,  supporting  a 
wooden  frame  lever,  the  short  forked  end  of  which  projects  over  the  cistern, 
aud  is  connected  by  iron  suspension  straps  to  a  square  sieve.  To  the  other 
and  longer  end»  tlie  common  proportiona  of  wliich  rasge  from  18  inches  to 
11  feet,  an  ii'on  rod  is  attached  in  connection  with  a  small  crank  on  the  body 
of  ft  longitudinal  shaft,  which  ie  driven  al  a  quick  speed.  A  jaccond  lever, 
ivith  a  rod  reaching  to  the  attendant,  serves  to  lift  the  sieve  through  the 
slotted  suspension  straps  whenever  a  cessation  of  the  motion  ia  required.  Th«^^ 
pievea  inensuTO  4  feet  by  2  feet  wide,  and  9  inches  deep,  strengthened  by  iroit^| 
bands  and  nnmerous  laths  across  the  bottDin  to  support  the  wire-work,  Iroo^^ 
Bieves  are  mrely  admissible,  o^iug  to  the  destructive  action  of  the  mineraUzed 
water :  and  brass  lasts  a  shorter  period  than  might  he  iiuAgined.  The  size 
of  tho  mesh  is  regulated  by  the  mesh  of  the  revolving  riddle  of  the  enudiing 
mill ;  if  the  latter  is  fotir  to  the  inch  hneal,  the  sieve  ivill  contain  five  or  tax. 
An  end  view  of  a  jigging  apparatus  is  given  in  Fig.  I3ft. 
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Fig.  136.— Oro-wasJiiiip  iptKintlU. 


The  ore  carried  away  by  tlie  water  Is  priitly  collected  by  passing  ihe 
!Dt  to  ft  circular  buddle.  At  Erst  it  passes  into  a  wooden  ciatem,  in 
"which  revolves  a,  abort  c3'ImdriGjkl  block,  katrng  on  its  periphery  B>  nwxil>er 
of  stout  projecting 
cpokcs.  in  its 
revolutions  the 
■piked  cylinder 
■gitAtesthe  liquid, 
which  escapes  by 
B  Bhoit  trough 
into  a  second  cis- 
tern routaioiug  a 
similar  revolving 
block.  £Lrnied  mtli 
&  munber  of  pro- 
jdcting  poddies. 
This  ftpparfltii3 
stiU  furtlier  agi- 
tates tho  passing 
mix  tore,  From 
the  aecond  cistern 

it  flOiWis  by  &  fihnrt  trough  into  tlia   upper  end  of  &  cj-lindrical  riddle, 
revolving  in  an  inclined  directioUi  and  discharging  at  the  lower  end*  iitto 

a  fluitftble  rcfteptaclet  any 
pebbly  matter.  The  fine 
partddes  fall  into  tho  cis- 
tern imder  the  riddle^  oJid 
arc  conveyed  hy  the  cur- 
rent to  the  centre  of  the 
buddle.  A  plan  yievF  of 
the  cylinders  tmd  riddtea. 
showing  also  tlie  mode  of 
driving  tliem  by  bevel  gear- 
ings *3  given  in  fi^.  137. 

Tbo  constraction  of  the 
buddle  iaiJiustrated  by  Fig. 
188,  which  ia  a  vertical  sec- 
tion. It  Gonsiats  of  an  ed- 
ition from  eighteen  to  twonty^four  feet  diameter,  and  two  or  Oire©  feet  d©ep» 
ith  a  floor  rising  eight  or  nine  inches  to  the  centre,  where  there  is  fixed  a 
conical  wooden  block.  A  vertical  spindle  carrying  a  funnel-shaped  hopper, 
with  two  projectnig  arms,  reste  on  the  centre  block,  and  ia  driven  by  bevel 
gearing  at  tho  top.  To  each  of  the  projectiiig  arms  is  attached,  by  corda 
running  over  pulleys,  a  board,  fitted  on  the  lower  face  tlirorigh  its  length 
with  a  brush.  The  weight  of  the  bonrd  is  balanced  to  an  ext^^ut  by  small 
blocks  attached  to  the  suspending  cords.    On  one  side  of  the  eTcavation  ia  a 
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small  8luice-g&t«,  through  whicli  the  v/a.i^T  ia  permitted  to  escape  aa  the  ex- 
cavation  lilis  with  matter.  The  ore  and  water  enter  through  ths  fimziftL,  and 
Vtiiking  against  the  apex  of  the 
I'onical  block,  are  distributed  rui- 
diallj  oxer  the  bottom,  llotion 
being  comiuiinicatGd  to  ttic  centre 
flpindle^  tli&  hanging  boards  and 
brushes  are  drawn  lightly  over 
Uie  surface  of  the  accumulating 
ore.  By  altetition  to  Ibi^  balauc- 
uig^reightH  attached  to  the  eords, 
the  prea  sure  with  ivbich  the 
brushes  press  on  tho  ra&s.s,  dur- 
ing their  passage^  may  be  regulated  to  th*i  xijiiuircmenta  of  the  ore.  ISld 
value  of  tbe  deposit  in  Uie  exciaTidion  ij  determined  in  the  eame  tnannrr  aa 
with  the  simplest  kind  of  huddle ;  ottnaely,  tlie  nche&t  portiona  at  ^a  head  oc 
centre,  near  tJie  entrance  of  the  liquid,  gradually  Himimfiliing  in  value  to  Ihs 
edge  of  the  pit,  whcro  a  broad  rin^  of  **  tailings,"  or  worthleaa  matter,  u 
token  out.  The  central  portion  ia  carefully  taktn  out  as  clean  ore,  whilo  tha 
portion  between  tliis  and  the  tailingB  is  3ubjected  lo  a  repetition  of  tha 
agitaling  and  huddling  process. 

The  water  &om  the  huddle  holds  in  raixtuxD  a  quantity  of  &[1G  ore,  which 
separateB.  to  a  gxt^at  extent,  by  aJlo^ing  the  water  to  remain  for  a  period  in 
large  pita ;  it  lb  then  drained  oH,  and  the  aodim&ut  deposited  on  the  bottom 
removed  to  undergo  a  cleansing  process.  Tlti^  may  consist  of  a  revolving 
"  truuMng"  Hpparahia.  A  revolTing  Bjjmdle  curriea  two  bread  paddles ;  the^e 
work  in  a  Bmall  01810111,  into  which  the  fine  orii  is  placed,  and  a  Btream  of 
water  enters.  In  front  of  the  small  dstem  ia  a  longer  ciste^m,  of  the  lUUM 
widtli,  but  fiUghtly  denlining  to  tho  «tttkt.  With  each  rcvoititkm  of  the 
]iaddles,  a  BxnRL  quantity  of  the  mixture  paasfs  into  0^  long  cistem*  «&d 
Uowing  Blowly  over  tlie  smooth  suxfRce,  the  aoHd  matter  BUBpended  in  the 
water  is  again  deposited ;  but  this  time  in  bands  of  varying  ciidme&a^  the 
heaviest  and  most  Yoluable  particles  being  at  the  upper  end.  A  poiiion  of 
the  remainder  ifi  placed  aside  for  ro-operatiug  on;  hut  the  extreme  portion  \a 
Hot  of  much  value,  if  tho  operation  hoa  been  carefully  conducted,  1 

Mention  must  be  made  of  the  ore  rejected  as  too  small  by  fipall«rs  and 
cobbers ;  it  is  picked  over,  and  the  richest  pieces  passed  to  the  best  ore  heap. 
The  remaiuder  is  eubjectcd  to  a  riddle  ydth.  inch  meshes,  and  again  through 
one  vdih  half-inch  nicehcs.  Tlie  large  trcta  both  these  procesfies  ia  picked 
over,  and,  along  with  the  Email,  subjected  to  dressing  operationa  aimilar  to, 
those  already  described. 

in  addition  tu  the  returns  from  the  ores  obtained,  some  of  the  m^ea 
yield  coaisiderabJe  quonUtita  of  precipitated  copper  from  the  cupreous  waters. 
The  prevailing  ore  being  tlic  sulphuret  of  iron  and  copper,  a  portion  of  the 
metal  is  dissolved  by  the  sulphuric  acid,  and  held  in  solution.  The  action 
of  thia  acid  water  on  the  iron-work  of  the  pumps,  aa  welt  aa  on  the  ^nffn^ 
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boilers,  i»  moat  energetic,  deslroyiug  aiumoUy  several  Uiousand  pounds'  wortli 
of  boilers  olono.  By  allowing  it  to  flow  into  ciatems  or  hutclieH  to  depoait 
the  muddy  mafctera  in  Buspenaioij,  and  Dien  into  oUter  cisterns  containing 
Bcrap-iron  reatitig  on  suitable  ^voodoa  supports,  a  quantity  of  impure  tJopper 
is  deposited  at  the  expense  of  tlie  iron.  Theoretically,  a  tun  of  iron  should 
ba  more  than  Bufilcient  to  precipiute  a  ton  of  copper;  but  in  practice  tlie 
consumption  varies  from  four  or  five  to  nearly  twenty  of  scrap  ta  one  of 
Copper.  The  cauae  of  the  action  on  iron-work,  thoufjU  exx>lained  on  chemical 
groiinddt  fieems,  in  mcmy  iDStojieea,  to  aritie  from  the  presence  or  abBenoe  of 
Bome  alloy  with  the  iron.  Steam-boiLer  plates  are  frequeiitly  attacked,  ap- 
parently in  a  recy  capricious  manner;  amall  portions  are  dbsolvedr  wHle 
the  ai^oining  part  continues  nearly  unacted  on. 

8>ie  of  tiie  Copper  Ores* — In  the  iron  mannfactin'e,  the  mining  and  rais- 
ing the  orea,  fuela,  and  tiux^s,  which  are  usually  found  in  close  proximity  to 
each  other,  and  the  operations  of  BmelUitg,  rehning,  and  conversion  into 
malleable  ironware  generally  combined  in  one  firm^'^hoEe  returns  are  derived 
houL  the  sale  of  tlie  finished  lion.  Copper-mining  ia  a  branch  of  industry 
quite  distinct  from  copper- erne Iting :  and  though,  in  a  few  instances,  smelters 
have  B  personfJ  interest  in  mines,  as  a  rule,  the  miue-proprictiir'a  iutereet 
in  the  ore  ceases  at  the  mine.  The  copper  orea  havijig  been  aa  completely 
dressed  as  locaJ  cireumfitunccs  wiU  allow,  they  oi'e  conveyed  to  the  neigh- 
bourhood of  Swansea  for  smelting,  where  the  fuel  is  obtained  at  a  cotspara- 
tirely  cheap  rate. 

The  final  operation  on  the  ore  at  tlte  mine  cousistd  in  sorting  the  qiiantity 
ni&ed  into  piles  of  ditfercnt  degrees  of  riclinosu,  if  the  quantity  is  consider- 
able, weigliing  each  lot  prcviaua  to  depo&iting  it  on  the  lloor,  and  appcuding 
a  'Woi>den  ticket  of  the  weight.  It  is  now  sold  by  tender  to  the  iiighest 
bidder  among  the  smelters.  Tho  value  riaea  and  fulls  i\ccordiitg  to  the  priee 
of  copper,  and  accordinj;  to  the  j)ercentage  of  copper  in  the  ore.  To  ascer* 
tain  nearly  tlio  ciu'rent  value,  a  portion  of  tlie  ore  well  mixed  is  tftken  as  a 
fair  sample  of  the  contents  of  tlie  pUo,  crushed  ]^ne  in  a  mortar<  and  sub- 
mitted to  a  crucible  assay  in  a  wlud-lumace  along  with  tlie  requisite  lluxcs. 
The  as£ayer  of  each  smelting  Efstabhalimeut  is  supplied  vriUi  a  portion  of  the 
genor&l  sample,  and  the  assay  is  performed  for  tlie  guidance  of  his  em- 
ployers, l-rom  lhi«  o^say  ou  approximate  estimate  is  formed  of  the  per* 
oentage  of  metallio  copper  in  the  lot  for  aaie,  and  conaequentJy  of  the  value 
pf  the  ore  with  copper  at  a  stated  price.  Assuming  copptr  to  be  worth  i;!  £0 
per  ton  of  20  cwts.,  and  llie  ore  to  contain  by  asnay  h  per  cent,  of  metallic 
copper  (aa  average  yield  for  some  British  ores)t  thu  smelter  estimates  tiiatit 
will  re(;[aire  12  5  tons  to  produce  a  ton  of  copper,  and  accordingly  allcrs  at 
the  rate  of  £Q  12j-  per  ton,  letis  tlie  cost  of  converting  tlie  ore  into  metal,  and 
■melter's  profit.  This  deduction  gOGs  under  the  name  of  *'  retunung  chargea," 
Mid  CDtnpriaes  all  expenses  which  tlio  smelter  incurs  from  securing  tiie  ore 
from  the  miner  to  the  completion  of  the  smelting  process.  The  sum  deducted 
for  ores  in  Cornwall  h  £ii  Ibit,',  for  those  at  Swansea  sales,  ^2  5j.  per  ton. 
This  gives  the  miner  £fi  17*.  per  Ign  for  hia  ore;    but,  through  a  long- 
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eetabliahcd  rals,  k&  seUs  to  the  Bineller  Ul  owte>  f6r  a  toD,  giving  the  Uttar  & 
botsDB  of  five  per  cent. ;  thus  redaciitg  the  tninfir'a  ahaxe  to  £ti  IQi.  Off.  the 

!egjtl  ton.  Uitddr  £tuch  clrcamataaceH,  the  proportion  going  to  tha  miner  14 
£iii  ids.  3i.,  and  to  the  smDlter  £S^  3f.  0^.,  for  the  ton  of  copper  &t  £120. 
In  reality,  iMiwever,  tho  Bmeltcr'a  sh&ro  is  much  larger,  th©  assay  falling 
conaiderably  under  the  yield  in  the  krge  way,  as  i&  demonstrated  by  aocu- 
Pate  chemical  analysifl. 

When  the  produce  is  large,  sa  in  the  case  of  flereral  of  the  Cuban  and 
Australiafi  ores,  a  BomQwhat  arbitrary  system  of  fixing  the  price  is  adopted. 
The  £2  5tf,  TQtTiming  charfje  is  augmented  to  £2i)  or  £,2^  in  v*ry  rich  ores. 
For  inetanccT  a  parcel  of  Cuban  ore  at  Swansea,  of  63  per  cent,  produce  by 
assay,  hrlngg  only  £QS  18j  ,  Uiough  copper  is  soiling  at  £126.  In  this  case 
the  miner  is  paid  XlOO  I8i,  ttrf.,  and  tho  enjelter  reodyes  £23  1*.  6c/,,  or 
£J4  Ids,  per  ton  of  ore  for  returning  charges.  This  inequality  ia  met  by 
paying  for  very  poor  oree  a  price  greater  than  their  percentage  and  trade 
usage  seem  to  warrant.  With  copper  at  a  similar  price*  ores  containing  5^T& 
per  cent,  brought  £b  1j.  per  ton  of  20  cwts.,  or  .£87  lbs.  per  ton  of  copper, 
leaving  £3f^  bs.  or  £2  4a.  per  ton  of  ore  for  returning  charges.  Thus;  what- 
ever be  the  percentage  of  copper  in  the  ore,  tlie  returning  chargea  ar« 
modi^ed  so  aa  to  give  the  emelter  a  sum  of  nearly  £40  for  each  ton  of 
copper  ag  liis  share  of  the  proceeds. 

The  Eiystem  of  submitting  the  ores  for  sale  by  tender,  seems  equitable, 
and  calculated  to  give  the  miner  the  real  Tolue  of  his  ores ;  but  the  competi- 
tion ia  limited  to  too  small  a  number  completely  to  ensure  this  deaideratum. 
The  smelting  of  the  ores  is  performed  by  about  twelye  Buns  ;  but  the  control 
of  the  trade,  the  regalation  of  prices  and  wages,  and  tlie  prosperity  of  the 
miner  generally,  are  jn  the  hands  of  three  Jinnfi,  who  collectively  purchase 
more  than  a  half  of  the  total  quantity  of  ores  eold  in  Cornwall  and  Wales; 
while  the  purchaseB  of  six  of  tlie  remaining  nine  firmfl  do  not  amount  to 
more  than  one  of  the  larger  ones.  In  consequence  of  this  concentration  of 
the  trade  in  the  hands  of  three  private  firms,  the  competition  system,  ao  fax 
from  aflbrding  the  miner  the  value  of  hia  ores,  ia  altogether  illusory.  A  con- 
sideration of  the  confiicting  interests  of  miner  and  smelter  ia,  however,  foreign 
to  tlie  objects  of  tlua  work ;  although  it  may  bo  permitted  us  to  remark,  that 
t!io  banefiil  effecla  of  a  system  which  places  such  unlimited  power  in  th«ir 
hands,  is  only  too  apparent  in  the  paucity  of  inventions  emanating  ixom  the 
smelting  interests. 

The  rapid  incrcBHc  in  the  quantity  of  copper  ore  mixed  in  Cornwall  and 
Devon,  since  the  hoginniug  of  the  last  century,  is  well  exemplified  in  the 
following  abridgment  of  BtatisticB  from  tlie  Mining  Journal: — ' 
Year.  Toaa  of  copper  ore. 
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For  1600,  the  rtitums  are  iiOU,n{jJj  tona  of  ore  for  Cgmwall  lUid  Devon, 
realkiii*;  j£l,a&3,ft3fJ,  ot  an  averuge  price  of  i'i)  Qa.  M.  long  weigbt,  l>tiriiig 
the  same  period,  the  ore  sold  in  Wales  amounted  to  40^481  tons,  renlizing 
£A08^4I^L,  or  an  arerege  price  of  £\b  Os.  6«/.  The  estiinated  quantity  of  fine 
copper  in  the  2flS,?80  tona  of  ore  was  I0,74S  tona. 

TUo  ore  from  the  Cornwall  diBtrict  is  the  produce  of  more  Ihim  140  mices — 
1 10  of  which  raisd  more  than  200  Umn  annually.  One  mine  produogs  nearly 
30.000  tons;  one.  10,000;  three, 8000;  four  over^OOO;  fifteen  over -WO  tons; 
the  remaining  eighty-siXt  smaller  quantUitiS,  The  ores  boM  nt  Swansea  are 
composed,  the  onelialf  of  the  produce  ofCubfln  mines,  tlie  fiUierlialf  of  Spanish, 
Australian,  French,  African,  liish^Webh,  and  Soutli  American  mines. 

Copper  Smelting, — The  extiaction  of  copper  in  the  mtjtftlUc  state  from 
its  ores,  i^  effected  principally  in  the  neighbom'ho*>d  of  Swansea,  in  South 
Wales.  Thia  locality  is  admirahly  adapted  for  the  purpose,  on  account  of 
tJie  ready  accessibility  of  the  port  for  fibipa  from  all  quarters;  on  accoant  of 
the  abmidaucQ  of  coab  in  the  neighbourhood ;  &s  well  as  of  all  tli©  other 
material*  necessary  for  the  smelting  operations.  The  abundance  of  coals  ia 
of  adToiitage,  not  merely  for  saviiig  of  cost  of  fuel  at  tlie  foraELcos,  but  also 
on  aecount  of  the  reduced  cost  of  freight  of  orea  from  DeTon  and  Cornwall, 
iiLrising  firom  ehips  having  back-froighta  ready^  for  cofds  to  the  roinea  fi'oM 
which  the  ores  were  obtained.  By  far  the  greater  number  of  the  ameltiug- 
wnrks  in  Great  Britain  are  con^egated  within  a  few  miles  of  Swansea,  The 
supplies  of  ores  are  ohtuined  from  DevoOt  Cornwall,  j\jiglesea,  tlie  Isle  of 
Han,  Ireland,  Jamaica,  Cuba^  CluU,  Pern,  New  Zealand,  tiie  Oftpo  of  Good 
Hope,  and  Australia, 

The  greater  portion  of  the  orea  imported  into  Swanseo  ara  sulphureta  of 
copper,  metallic  copper,  oiidea,  carbonates,  pbosphatea,  sihcateH,  arseniates^ 
ftsEociated  mth  minerals  of  iron,  arsenic,  antimony,  ailYer,  lead^  MTiO,  and 
tm,  as  well  as  wiQi  tlie  darthy  minerals  of  lime^  magnesia,  silica,  ttlumina. 
haryta,  and  strontia.  Witli  Uie  ores  are  also  required,  as  Huxes,  lime,  ailica^ 
clay,  and  duor  spar.  Most  of  these  are  obtained  from  the  immediate  neigh- 
bourhood, but  the  fluor  spar  is  procured  principally  from  the  Trtmar  Minea. 

Succesafi-d  economical  mftnageraent  of  smelting  operationa  is  dependent 
principally  on  the  due  assortment  of  the  ores  for  the  variona  operationa  in- 
Tolvcd  in  the  preparation  of  them,  and  for  ttie  Cnal  prt'duction  of  metallic 
copper.  These  operations  are  ten  in  number;  and  for  them  tlio  crude  ores 
are  assorted  into  iivo  classes,  vi/. ; — 

1st.  Stich  orea  as  couhun  tliree  to  sisteon  per  cent,  of  copper  combined 
with  sulphur,  and  witli  iron  also  mineralized  with  sulphur,  forming  iron 
pyrites  and  arsenic  associated  ^vitli  quarts  and  other  siliceous  and  earthy 
minerala. 

2nd,  Ores  of  similar  ooiiAtitaliQn,  but  oontainiog  from  fifteen  to  twenty- 
fiye  per  cent,  of  copper. 

3rd.  Sulphurets  of  copper,  iidth  leas  of  the  sulphureta  of  iron,  containinff 
£ileeii  to  t^'enty  per  cent,  of  copper,  a  portion  of  which  is  in  tlie  siste  of 
oxide,  prindpftlly  associated  with  siliceouB  minerals. 
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4Lh.  PfiQcipaily  oxides  ami  ciurboiiates  of  cupper  with.  &oiue  of  the  sul- 
pIiiuetB  of  copper,  coutaiiimg  fi'om  twenty  to  thirty  per  cent  of  pore  metal; 
the  asfidciate  mineralB  teiag  principally  siliceous, 

6th.  Kich  oxides  of  coppeT.  free  fironi  sulphitr  and  arBcnic,  or  otlier  loiet^ 
whir-li  can  lmv<i  an  itijuriuua  eflfcct  on  tlie  uietnl,  obtainable  from  these  orea, 
which  coiiUiJj  from  sixty  to  eighty  per  cent,  of  coppar;  the  accQiapftnying 
niineraiia  heiuq  chk&y  qaattzosa.  They  are  ohtahx&fl  principally  from 
Auatralia  and  Chih. 

Tiie  ten  operations  involved  m  the  treatment  of  these  ores  are  os  foUovr : — 

1.  Haostiug  or  calcining  or«^  of  tho  first  iind  Eecoud  class,  for  the  seporar 
tion  of  BucU  of  tlie  cooslitutjuts  as  ari^  capaUi^  of  being  rukitilLced  by  tJie 
octioaof  heat — such  assu]])hur,  arseudc,  zinc,  ajitimony,  <fcc. 

2.  Fusion  of  the  caJcined  product  of  Hie  first  operaUon  with  minerals  of 
the  eecond  class  nut  pre^ioudy  calciued.  This  operuiion  ia  tenncdj  moldiig 
for  coarse  meUil. 

3.  Itoastiug  of  cotirse  metal. 

4.  Melting  for  white  mcLU.  In  thia  operation}  tho  coai^e  metal  ia  ftia^ 
togotlier  with  ores  of  the  fonrth  class. 

5.  Melting  for  hluo  metnl.  The  calcined  coarse  metal  1b  fused  with 
rooatod  ores  rather  ridi  iu  copper. 

C.  HetneltSug  of  slags  from  Operatioas  it  "?.  nJid  8, 

7.  Roasting  of  while  int^tiil  for  the  production  of  whito  metd  of  superior 
quality. 

H.  Boaating  for  regule, 

U.  i^oparatiou  of  crude  copper  by  roasting  and  fusion  of  regiile. 

10.  RuHniug  and  tv^ugheiiing  of  crude  copper,  producing  iiue  metal. 

For  tJie  purpose  of  showing  clearly  the  character  and  objects  of  these  ten 
operations,  considered  in  dutail,  the  following  gtutemt^ul  of  analyses  of  tha 
constitution  of  the  mora  common  ores  ia  necessaxy : — 

Copper  Antimony  Solpliur 

lion  Zinc  Alvumna 

Aj'senic  Lead  Silica 

The  Beporatiou  of  the  copper  in  a  state  of  purity  is,  of  course,  the  objijct 
of  all  the  operations  just  enumerated.  As  a  eiraple  ehomical  question,  it  can 
be  comparatively  easily  done  on  Uie  scale  of  ordiuajy  laboratory"  ojjoratioua ; 
but  for  practical  purposes,  the  stime  means  cannot  be  adopted,  principally 
on  account  of  the  too  great  coat  of  tiie  agents  required,  but  ah^o  bec:iu£e  of 
tlie  too  great  nicety  of  process  for  tlie  ordinaxy  labour  employed  in  such 
«xt«uaivo  opeifttiona. 

Tfi^  F'lrtii  Ojicrailmi  has  for  its  object  tho  reparation  of  all  the  Bubatancos 
capable  of  being  volatilized  by  beat.  This  ia  eflectt-d  by  exposing  th<^  ore, 
in  n  roughl3-*pulveiized  condition,  to  Uie  conjoint  acUon  of  lieat  and  of  the 
atmoBphere  iu  a  reverberatoiy  fumaeef  e1ioi\^  In  plan  mid  section  in  I'iga. 
!39ftnd  140. 

The  furnace  conaists  esaeutially  of  a  fire-place  for  the  production  of  tbfl 
heat*  and  of  tlie  fiolo,  or  laboratory,  on  which  t!ie  crude  ore  is  subjected  to 
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its  EictioD.  They  are  divided  from  each  othex  hy  Uio  bridge,  wliich  jb  so  cort- 
stmeted  aa  to  fidmit  heated  air  to  the  gasea  produced  in  tho  fir«-plftce.  wMcli, 
for  tbe  regtilar  distribution  of  tlie  heat  over  the  whole  of  the  sole  of  the  fiir- 
nace,  requires  to  he  ignited,  not  within  the  fire-place,  but  at  the  back  of  the 
bridge,  eo  entering  into  fiill  combustion,  and  producing  streams  of  flame  otst 
the  whole  surface  of  the  sole.  As  the  production  of  au  oxidatinf^  fliune  shoidd 
he  the  object  in  this  fimiace,  the  proper  ajrangement  of  tlie  hridge  for 
coutrolliug  the  admission  of  air  ifl  of  the  greatest  importance.  The  regu- 
lar distributiou  of 
the  heat  over  the 
irhole  of  the  fur 
nace  is  eOeeted 
by  baving  tlie 
ftrch  three  feet 
high  over  the 
bridge,  j^dtially 
diminiAlun^  to 
one  foot  over  the 
bock  bridge.  The 
aole,   or    laboru-  Fig.  1». 

toiy  of  the  furnace,  is  usually  from  Bixteen  to  twenty-four  feet  Bquarfl*  having 
two  doors  on  euch  eide,  through  which,  the  workman  rake9  over,  or  rubbles, 

the  charge  of  ore  nt  in- 
tervals of  one  and  a  half 
to  two  hours,  so  as  to 
expose  fresh  eurfacea  to 
the  action  of  the  heated 
air  passing  over  it.  The 
charge  is  iutrodueed 
through  hoppers  fixed 
in  the  arch  of  the  fur- 
nace ;  and  when  the  cal- 
ciuation  is  completed,  it 
is  drawn  throuy;h  hoLesi 
in  the  bed  or  sole  of  the 
furnace  into  an  arched 
recess  below*  Tbe  bed 
of  the  furnace  may,  with 
advantage,  be  extended 
T*!*.  Ui>.  to  eisty  foot  by  sixteen 

ft'et,  being  divided  into  fonr  diflTereut  parts,  each  thtee  inches  higher  than 
the  other.  The  consumptinn  of  coels  in  this  operation  need  be  but  very 
smalli  as  when  the  ore  is  first  introduced,  thfi  assiEtnnco  of  heated  air  alone 
IS  anfficienb  to  luointom  the  combustion  of  the  sulphur  of  the  ore,  tlie  heat 
from  which  causes  the  evolution  of  araenious  ncid  frora  the  arsenic.  The 
gradual  iocrcJiae  of  heat  in  the  charge  is  very  necessary  to  be  provided  for, 
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aa  witlx  too  muuh  hoat  tlio  charge,  wliile  still  holding  niuch  suliihiu'  and 
arBenic  in  cotnbiuatioa,  is  very  liable  to  be  fused ;  and  m  this  condition  the 
evolution  of  tlie  BalpUur  and  ar^^iuc  in  voty  macli  impeded.  a£  la  aLso  tho 
oxidation  of  the  other  metals  present.  When  tlie  charge  is  drawn,  it  fitHl  cou- 
tains  soma  sulphurets  and  some  Bulphates ;  most  of  the  sulphur,  arsenic,  antl- 
moQj,  and  zinc,  will  linve  been  ^Tolrod ;  the  copper  find  tlio  iron  not  renuiii- 
ing  in  combination  M.'idL  snlphar,  'will  have  heeu  converted  into  oxides ;  and 
ttie  siliceous  or  eajUiy  mattere  vn\l  remain  unchanged.  Unless  a  Tcry  largo 
quantity  of  arsenic  and  other  volatile  metals  shall  have  been  driven  off,  tbft 
ckartje.  when  drawn,  will  not  differ  much  in  weight  from  tlie  charge  ptit  into 
the  furnace,  as  the  sulphur  evolvod  will  have  been,  to  a  considerable  extent, 
r^plaoed  by  tlie  oxygen  of  the  air,  wliich  wUl  have  combined  witli  the  other 
mctiils,  producing  uxidea.  Tho  volatile  prodnctapass  o^into  the  fluea»  ^'hena 
0,  portion  is  deposited ;  but  the  ri^mainder,  consisting  principally  of  snlpLmrous 
twd  snlphuHi^  acids^  togetlier  with  the  earbunic  acid,  water,  and  nitrogen,  tJio 
products  of  the  combuBtion  of  the  fnel,  are  dj^s^ed  from  tlie  top  of  the  chim- 
ney  through  tlie  anrrounfling  atmosphere ;  produciJig  such  effects  on  tlie 
adjacent  vegetation,  as  prcveut  strangers  from  agreeing  with  the  b&lief  of 
nadvea,  tJiat  copper-smoke  is  not  inconsistent  witli  Jmman  longevity.  Tho 
frosted  appeanuice  of  the  glosa  iu  the  windoT^-B  oriiotiaos  accessible  to  copper 
smoke,  indicates  the  presence  also  of  ^uoric  acid  in  the  smoke,  which,  acting 
oa  the  ailica  of  the  glass,  alTects  its  ^ansparency.  It  has  be^a  estimated 
that  in  Soutli  Wales  alone  about  50,000  tons  of  .■gulphnr  arp  annually  dissi- 
pated in  the  atmosphere,  in  the  form  of  Eiilphurous  and  au]p]iuric  Acids. 

By  the  adoption  of  means  to  he  hereafter  noticed,  a  vcrj'  large  proportion 
of  tliia  sulphur  might  he  rendered  nvnilahle,  in  tlie  form  of  stUplame  acid,  for 
the  nnmero^iK  raanufucturing  purjioKcs  for  which  Uiis  importiLiit  cheinicol agent 
is  required  :  and  thna,  while  a  valuable  product  is  obtained,  the  delet«rioa.s 
effects  on  the  surrnuuding  country  might  be  confined  to  a  much  more  limited 
extent.  In  ccrtjiin  conditions  of  the  atmoaphere.  the  copper  emoke  falls 
heavily  over  the  neighbonrhoot!,  extending  for  tlu"ee  or  four  miles  from 
tJie  works ;  and  the  fog  produced  hy  it  is,  8o  dense  aa  nlmo^t  to  render  1h<^ 
roads  impnssablo.  In  order  to  avoid  tJic  cifeets  of  this  smoke  in  one  place,  a 
oldmney  ims  been  built  up  over  tlie  side  of  a  mountmn,  suflicipntly  large  to 
drive  a  coach  through.  Atterapta  Imve  been  made  to  comlense  it  completely 
witJi  tJje  aid  of  water  falling  in  showers  through  the  flues;  hut  aa  yet  Uie 
eoko  towerB,  HuccesBfully  u^ed  in  the  soda  manufactories  for  tlie  condrjifiation 
of  muriatic  acid  vapour,  have  not  been  fairly  tried^  althou^i  equal  Kuccesa 
might  be  anticipated. 

The  reverboratory  furnace  may  he  built  of  copper  plnghlocks,  cast  in 
moulds  eighteen  inches  hj  nine  inches,  faced  internally  with  fire-brick,  and 
externally  witli  firebrick  or  common  brick;  the  wlmle  laid  with  fire-clay ; 
the  fronts  and  sides  i^ovcred  witli  plates  of  cast-iron,  suitjibly  tround  tog;«Uiet 
^vitli  cast-iron  studs  and  wroughtiron  braces.  The  products  of  combustion 
pass  off  over  tlie  back  bridge  into  a  dc^scending-flue,  on  into  underground 
fluEH,  eommutdcating  ivith  tlie  mniu-shuft  or  chimney. 
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A  still  tiirthei-  ec-ouumy  of  fuel  than  that  alre&dy  indicated  may  be  efiected 
by  con&tructki^  the  back  bcdg  of  the  fumacc  of  plutea  of  cn^st  iron,  causing 
the  heatod  aic  and  gaseB  to  circulate  in  flues  below  the  piatee  before 
fin&I]y  parsing  awaj  ttirough  the  descending- Jlue.  The  ^aat-irun  fioles  &xg 
more  dimble  thau  the  fire  bnek  usually  empldjed ;  and  the  labour  for  rab- 
bUng  or  tiu-Diiig  over  the  charges  may  be  appUed  -trith  much  greater  e^ect, 
Lengtbened  c^tperieoce  has  shown  that  the  cost-lroii  pistes  are  not  alTected 
bj  the  nmted  actioti  of  heat  and  suJphur,  as  might  have  been  aaticSpated. 
Oa  this  head,  &ee  further  the  article  ou  Tin  Srn filing. 

S^ond  Ope^atmn. — The  reverberatory  furnace  employed  in  this  operation 
is  about  one-third  of  tbe  capacity  of  that  employed  for  calcinmg  the  raw  ore, 
anppoHmg  it  to  be  a  single  fumoee.  Its  conBtruction  is  showu  m  Figs.  141 
and  1-12.  ItiB  constructed  also  of  the  same  materialsi  but  as  a  Tery  much 
greater  heat  ia  produced  nnthin  it,  much  more  core  la  neceesary  m  ita  con- 
stractioii.  It  is  charged  through  the  hopper  with  about  £U  cwt.  of  materlalf 
consisting  of  calcined  ore  from  the  first  aperatiou,  a  small 
proportioa  of  crude  ore,  a  small  quantity  of  Auor  Bpor  as  a 
flax*  some  of  the  scoria  of  the  same  operatiou,  and  fusible 
scoria  from  the  fourth,  fifth,  aud  seventh  operatioDS.  The 
ore  CLod  flui  having  been  introduced  tJirtmgh  the  hopper*  the 
workman  rapidly  spreads  the  charge  over  ihe 
1>ed  of  the  furnace,  and  than  introdueen  tha 


Fig.  HI. 

Bcoria,  evenly  distributing  it  over  the 
surface  of  t]ie  ore.    The  fumaco  dooi 

^ ■  ^,ify:^<-^i^^K.'::    |    js  caTcfuMy  closed  up.  and  for  three 

and  a  half  hours  the  fire  ia  steadily 
raised,  the  charge  being  left  undisturbed,  "Within  half  an  liour  after  the 
clofiing  of  the  furnace^  the  fuBionof  tlio  scoria  conimeuces ;  it  ilous  down,  and 
carries  tha  heat  rapidly  tlirough  the  charge^  irhich  immediately  begins  to 
gave  off  flulphorous  and  other  gaacs,  causing  an  ebullition  of  tlie  liquid  scoria; 
a  rapid  reaction  is  produced  betri-een  the  earthy  and  metallic  constituents, 
the  iron  aud  aUica  entering  into  combinntion,  and  ^'ith  Ihe  assistance  of  hme 
of  the  flnor  spar,  forming  with  the  alumina  present  a  very  Lquid  Bcoriaj 
through  which  the  heavier  fused  atdphuret  of  copper  falls  to  the  bottom, 
where,  from  the  peculiar  hollow  foim  of  the  bed,  it  is  all  brought  together. 
At  the  end  of  three  and  a  half  bours  tlie  furnace  door  is  opened,  the  fuxnace- 
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man  clears  off  witli  his  rftke  the  unftiscd  portions  remaining  ftronnd  the  sides 
of  the  fu-rnaee,  tcruing  them  into  the  liquid  mass,  Tvhich  acta  rapidiy  on  them, 
rednoitig  iheia  bI&o  to  the  liquid  condition.  The  door  is  again  closed  ukd 
the  fire  urgod  on  to  greater  intensity.  At  the  end  of  anothijr  qniuter  of  an 
horor  the  furnace  is  carefolty  tapped  at  the  bottom  of  the  bosui,  so  aa  to  uUov 
the  Liquid  mass  U*  rtm  <3fi'  into  an  iron  cjlisider  immersed  In  wsler.  In  this 
manner  the  mnss  is  grantdftted  and  brought  into  a  suitable  form  for  the  next 
operation.    Whilo  tho  liquid  mftsa  ia  still  ruiming  off,  the  furoftoe  door 


is  opcneii,aiid  the  liquid  sc^rii 
ralied  off  into  tnoulda,  fonnt'f 
bj  digging  oblong  f^viticB  in 
&and  ;  or  it  is  eometiin^B  c&si.  ^ 
if  stLfficicntly  clear  of  copper,  { 
in  Cast-iron   moulds,  fonniitg  I 
bloclca  suitable  for  ft  variety  of  j 
building  ptirposes-  As  soon  as  \ 
tlie  chorpe  is  drawn,  the  fur  ; 
nace  is  recharged  and  the  work 
contmaed  aa  before ;  so  tliat  in 
twenty-lour  honrH,six  chargBB 
ftiTQ  passed   tli rough  the   fnr- 
n&ce.    It  is  evident  Uiat  ores 

containing  lltior  spar  aro  tnoreraloablo  tlian  those  which  contain  sihca ; 
aa  not  only  do  they  not  contain  so  much  edlica  to  bo  removed^  hnt  they  also 
provide  a  flnx  for  other  oresivhieh  are  siliceous.  It  is  evident,  therefoWj  that 
much  judgment  is  requisite  for  the  due  assortment  of  the  ores  for  this  prooMa. 
The  object  of  this  operation  is  to  separates  tiie  metallic  from  the  earthy  mat- 
ters ;  and  so  we  hnd  that  the  products  oonaiat  of  about  one  third  coarse  metal, 
composed  principally  of  aulphuret  of  copper  and  fiulphnret  of  iron  in  nearly 
equftl  quantities,  and  of  two-thirdu  scoria,  containing  iron^  siHca,  atiuninA. 
lime,  and  fluoride  of  calcium  or  flnor  Bpar,  all  ftised  together  into  one  homo- 
geneous Bubstance.    The  cafrt  blocks  of  Ecoria  are  carefullr  examined  when 
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cold,  to  determine  whether  any  of  the  coarse  metal  L>e  left  ia  it.  The  peculiar 
colour  and  form  of  fracture  of  the  liriek  gives  a  very  nice  mdic&tiozi  of  the 
quantity  of  copper,  down  to  so  miiiot*  a  proportioD.  as  -nfeijth  to  t^tbUi  part. 
The  portionB  contfujamg  matt  or  coarso  metal,  usually  aniountuig  to  about 
seven  per  cent,  are  separated^  and  reserved  for  a  new  charge  for  tko  same 
operation,  and  the  remainder  is  carried  oS  to  the  waste  heap. 

The  fluor-spar  emploj-ed  as  flui  is  peculiarly  valuflhle>  botli  as  a 
mjeclxajaical  and  chemical  ngcut,  Under  the  innin3nc<3  uf  hoat  it  fuses  on 
coming  into  contact  with  sOica,  Oie  calcium  obtaining  oxygen ;  tho  silicon 
And  fluorine  act  free  from  tliti  co^lcium  comhme  ;  and,  as  a  gaseous  product,  in 
pai^aing  ofl*.  produce  an  agitation  of  the  fluid  mass,  whiclj  is  highly  conducive 
to  the  perftjct  reaction  rtf  the  Yarioug  constituents  ou  each  other.  The  lime 
thna  sot  free  Immedmtaly  eaters  into  combhmUon  with  another  portion  of 
aiUca,  forming  with  the  other  earthy  matters  prcfi^^iit,  through  the  assistance 
of  a  portion  of  the  iron,  a  very  Huid  sing;  tho  cylinder  containing  tba 
grmnulated  matt  is  lifted  oat  of  tho  water  by  a  crauo  fixed  to  the  fumace, 
and  is  removed  in  whcel-harrowa  or  waggons  to  tlie  furnace  employed  for 
tlie  next  operation. 

Tkinl  Opi' ration, ^-For  this  ptocees,  preciaely  the  same  aort  of  famace  is 
used  as  for  the  first  operation.  It  is  charged  in  the  aamo  mauner,  from  the 
hoppers  en  the  roof  of  the  furnace,  with  the  product  of  the  aecoud  operation, 
which  may  bt3  rofjardod  ns  copper  pyrites  Ircc  from  gaugue  or  eortliy  matrix, 
and  containing  about  thirty-three  per  cent,  of  copper,  The  heat  employed 
in  this  operation  is  much  gre&ter  than  in  the  first,  as  the  conatituenta  of  the 
charge  are  not  nearly  so  fusible.  The  object  is  to  drive  oS  as  much  as  pos 
uhle  of  the  remaining  sulphur.  Tlte  fire  requires  to  he  managed  so  as  to 
produce  an  ox.idatinj^  flame;  thnt  is,  flntne  greatly  supercharged  with  Atmo- 
sphcnc  all,  nude  composed,  hut  highly  heated  by  the  fueL  This  neceaai^ 
arises  from  tlio  fact  that  heat  alone  is  not  suflicieut  for  the  expulsion  of  the 
mxlphur ;  but  when  heated  oxygen  is  brought  into  contact  with  the  materials 
of  thu  charge,  it  portly  combine*  witli  tiie  sulphur,  forming  suJpliuroufi  acid> 
the  detachment  of  Uie  sulphur  from  the  iron  aud  the  copper  being  facilitated 
by  the  intervention  of  odier  qnantities  of  oxygen,  entering  into  combination 
with  the  metallic  bases  forming  oxides,  principally  of  copper  and  of  iron. 
Tlie  altcmato  employment  of  an  oxidating  or  clear  tiamc,  and  of  a  reducing 
or  ETDoky  flame,  i^  advantageous,  as,  nnder  the  influence  of  the  former,  anl^ 
phalcB  aroBometimcB  formed.  The  reaiduarysulphurotSf  witji  the  aulphatcs, 
are  mora  rapidly  decomposed  by  their  reaction  on  each  other,  under  Uie 
Lufiuencc  of  the  reduciag-flanie,  than  they  would  otlierwise  have  been,  Uiu 
sulphur  of  tlio  fiulphuix't  combhiing  with  a  porUou  of  the  oxygen  of  tlic  sul- 
phuric acid  of  the  sulphate,  its  base  ohlaiiimg  its  oxygen  from  the  same 
source^  t)iG  aulphurous  acid  passing  off.  The  charge  begins  to  throw  off 
vapours  aa  soon  as  it  gets  red-hot  througliont,  or  in  about  two  hours  after  it 
is  put  min  the  furnace.  It  ia  thea  well  rahcd  over,  to  cause  every  portion  in 
succession  to  be  exposed  to  the  action  of  the  heated  air  passing  through  die 
fiunaee,     The  raking  or  rabbling  is  repeated  everj'  two  hours,  the  heat  being 
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MMighatraMaie.A0*tol«nm«fte  eb«;^«»  tee.  M^m 
mi  €i  iWHiy-iwg h«vs  Oe  htU ^iH  be  cfnl  to  ab^M  rbiiij^gJ ;  nd «t 
Ae  <g»i  «r  (Ur^^ifac  kMB  «(  ft  togkf  rel.  W  vlddb  tne  the  caknwtirm 
ihMU  be  «d^lete  «a4  the  dwfc  ra^  Id  dnv.    Tbe  pt^dvct  of  fUs  o^ 

«f  iroo  aai  oofftf.  It  m  vadi  wMeni.  ta  edhmr,  mad.  icdmied  to  a  odun 
gTMmlM'  taaJjIioM  nncli  BnaQer  tkatk  before.  If  vdl  daae,  dw  ft^nwte 
■ga  of  ■  deep  bhrfc  cokwr,  with  soa*  iiidiotiqWB  d  JDCtfieot  fbnanoBtiM 
gnoBs,  Mndi  man  coals  are  coBi^BediB  lliia  IImi  in  Ibii  fiiwl  uyialim. 
bnl  not  ao  mndk  aa  in  the  aeeond. 

^mrrtA  Op^mi^m.^Th^  ftmaoe  is  of  tlie  aama  iionn  aa  tlzat  naapkrywA  m 
the  second  operaiioo.  cxeepling  that  there  is  na  baam-fctmed  reeeaa  in  Ute 
b«i] ,  bat  a  gradaal  itope  of  it,  so  sb  to  didcfaai^  the  wbi>Se  of  the  fiis«d  auua 
reaifilj  from  a  hole  m  one  of  the  l<mig  mdea.  The  ebarge  is  campooed  of 
coaraa  metal^  the  prodnct  of  the  third  <yper&tioiit  mixed  with  minczals  of  the 
icKshh  dasa*  ffoch  aa  snlpbtuet  of  copper  free  from  admixtaie  <»f  irm  pTrifen, 
or  the  caibonate  or  oxide  of  copper  and  eopp^alag  from  the  &iiith  and  tenA 
(Operations ;  tftgHher  with  copper  tctilee  from  the  rolling  of  copper  or  othc 
copper  irastcs,  such  as  are  prodnced  in  the  working  of  copper  intd  ntemrili 
for  machlDcry.  The  object  of  thia  operation  is  to  separate  ihe  iron  by  coot 
biniDg  it  with  silica,  fomiiag  a  sUicate  of  lion,  leaTiog  the  copper  in  d 
tion  irith  milphiir  in  eneh  proportion  aa  will  form  a  aolphiiret  of 
'Witb  such  a  variety  of  mateiiaJB  to  worh  on,  a  Bopeiior  cJase  of  war]siDrn 
rcrpiired  for  condnciing  thia  operatioii  *  for  th^  are  not  limited  hj  such  ri,^  I 
niles  aft  in  the  prcrioufl  Qperationa,  being  allowed  to  operate  on  enceessire 
chargea,  &b  may  be  indicated  hj  the  resnilts  of  pTcrions  workings  The  ma- 
terials for  a  charge  ftmonnt  to  about  thirtj  cwt.  The  churge  is  introduced 
through  the  side  <Joor,  and  is  spread  o^er  the  bed  ^tb  an  iron  alicer,  shaped 
ftuinetvhat  lilce  ftn  oar  or  paddle.  The  door  is  carefolly  dosed,  and  the  heal 
rajHud  as  rapidly  as  possihle.  Dxiring  the  first  two  hours  a  calcination  goes 
on,  attended  Tvith  tlic  crolutinn  of  some  stilpliurotis  flcid,  (uvd  ait  incipient 
fasion  takes  p!o<;e  as  the  heat  increascB,  The  cli  Eirgo  flows  down,  until,  at  the 
and  of  the  third  honr.  the  ^eion  i^  complete,  the  scoria  is  very  liquid,  and 
remfuiis  qniet  in  the  fitmoee.  Between  the  fourth  nnd  fifth  honr  tlie  charge 
iH  woli  mid  rapidly  filiircd  ;  the  iinfascd  portions  of  Ui©  chargre  adhering  to 
lite  mdcs  are  turned  ii^to  the  liqnid  mass :  and  then  the  fnmnre  is  a^ain  closed, 
and  tJie  heat  nrf^ed  on  until  tho  whole  of  the  interior  of  the  fumaee  is  raised 
to  n  dRKi^lin^  whitonesa-  At  the  end  of  six  honrs  tlic  fumaee  is  tapped,  the 
matt  in  run  Into  water,  and  therel>y  graniilBtedt  the  very  liqnid  acom  being 
nmuhirted  Uirough  anoUier  chnnnelt  after  the  matt  has  been  run  off,  into 
BRTul  monlds.  Tlie  ecoria  is  sorted  into  two  qualities :  the  first  ran  off,  baring 
been  in  eontnct  with  the  matt,  retjiins  three  to  fire  per  cent,  of  copper,  and  is 
rcHervod  for  tlic  sixth  operation:  the  lost  portion  nin  off  contains  ranch  lesa 
eopper,  nnd  if!  used  as  a  flux  in  tho  second  operetion.  Tlie  matt,  consisting 
pniioipfiUy  of  siilphuret  of  copper,  still  rctnins  four  to  eight  per  cent>  of  snl- 
phnrot  of  iron,  and  contnins  seventh"  to  BCTentv-fiTe  per  cent,  of  copper.   Thia 
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matt  is  toTTOfid  '*  whit€  metal."  In  its  iiurest  form  it  ia  of  a  grayiah-wLite 
colour,  of  a  granulated  porous  testnre,  somotimes  of  a  blaish-graj  colour^ 
with  a  spcoifiu  gravity  of  OS  to  5'7.  It  ia  reserved  for  the  ninth  operatioii. 
The  working  soraewlmt  resemblea  tho  second  operation  ;  bat  as  tho  heat 
reqmred  is  ntnch  grentur,  moro  fuel  is  consuiaed.  Twonty-two  chargflB  are 
worked  through  the  furnace  in  a  weok. 

Fifth  OpertUioH, — Tho  furnace  employed  precisely  resenjlilca  that  used 
for  the  fourtli  operation  ;  and,  indeed,  the  two  operatioDB  mmch  resemhle 
each  other.  The  charge  on  the  present  occasion  consists  of  materials  con- 
fining fewer  metaUic  oxides  than  thoso  of  the  last  operation*  hnt  having 
more  metallic  snlplmreta.  Excepting  that  aome  of  tlie  products  of  the  pre- 
sent are  brought  into  other  operatioas,  together  with  the  products  of  preyioufl 
ptwsesses,  it  woold  ImrdJy  require  ft  separate  description^  but  would  rnthet 
hfl  ftn  equivalent  for  the  fourth  operation;  its  principal  object  being,  by  the 
hotter  s^lecUon  of  ores  containing^  a  loaf?  variety  of  sub^fcanrcs,  to  produce  from 
them  a  "  bltie  metal,'*  from  which  blue  copper  may  with  less  difficulty  he 
elaborated.  The  wldt^  metal,  the  product  of  the  fourth  operation,  does  not 
contmn  any  motftllic  copper;  but  the  blue  metal  is  characterised  by  the  pre- 
sence of  metallic  cop^ii  diffased  throughout  the  mass  in  exceedingly  minuta 
particles. 

About  the  same  quantity  of  fuel  ia  used  as  in  tho  fourth  operation,  the 
reactions  that  take  place  in  the  fiimacs  are  similar,  and  tJio  products  are 
disposed  of  in  ranch  the  sruno  mnnuer.  Tho  matt  contains  from  seventy  to 
ftevcnty-fiye  por  cent  of  copper. 

SwffA  Operttthn. — Tlie  object  of  this  operation  is.  by  the  combined  action 
of  the  variouB  eonstUuentB  of  the  slags  from  the  sixth,  Beventh,  and  eighth 
operations  on  each  other,  to  cause  the  production  of  a  matt  in  which  the 
copper  in  these  slags  shall  be  brought  together.  A  small  quantity  of  copp^ 
pyrites,  free  from  otlier  combinations  than  i^iliceous  matter  in  largis  propor- 
tions,  is  mixed  with  the  slagg.  After  the  moss  ia  fuaed*  a  email  quantity  of 
coal  or  other  curbouaceous  matter  is  mixod  vritli  the  oharge^  which  reacts  on 
the  oiide  of  copper,  decompoMng  it,  and  producing  ft  metaUic  copper,  which 
alloys  ivith  any  tm,  nickel,  cobalt,  or  arsenic  present ;  and  falling  to  the  bet* 
torn  under  the  raatt^  docs  great  service  by  cUminating  these  metals  from  the 
superincumbent  mntt.  The  eame  sort  of  furnncc  is  used  as  in  the  last  opera- 
tion ;  bat  the  materials  of  tho  charge,  instead  of  being  supplied  to  Ihe  fiimaco 
through  a  hopper  in  the  roof,  are  introduced  through  tlie  ordinary  working- 
door*  and  another  door  placed  more  nearly  in  the  comer  of  the  furnace ;  tho 
fused  charge  is  drai^-n  off  from  the  side  opposite  to  the  working-door.  Each 
chsjge,  of  about  two  tons  in  weight,  takes  about  six  hours  for  working  off. 
The  products  are,  white  metal  for  the  (iixtli  operation ;  red  metal,  for  the 
same  operation;  the  bottoms,  or  alloy  of  metals,  ^vided  into  tin  alloy  and 
copper  alloy,  for  the  ninth  operation;  ecoris,  for  returning  to  tlie  fourth 
operation ;  and  slag,  to  be  rejected  to  the  extent  of  ninety  per  cent. :  so  that 
it  will  bo  seen  that  this  operation  is  very  efficient  in  the  reduction  of  huHc  of 
useless  materials. 
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TJit  Seventh  Operation  is  CEuried  on  ia  a  furuace  rsBembliug  the  one  ufied 
m  lli6  Bixtb.  Tke  chiif^e  consiBta  of  about  two  tons  of  blue  metal  otHy, 
vdtliout  any  other  ftux  tliBn  the  sand  adhenug  to  its  Burface  fr4:>£a  the  moulds 
In  which  it  w&s  cast.  Aa  Uie  operation  is  twofold — fir^t,  for  caiciiiation  or 
oxidation,  and  then  for  fusion — the  bridge  is  provided  ivith  an  air-pas8ag&, 
similAT  to  that  emplo^od  in  the  calcining  fumaco  for  thfi  firet  operation.  Tha 
cbtuge  13  put  into  the  furnace  in  large  maasefi^  &Qd  the  heat  ia  alowly  raised 
npou  it,  sa  aa  to  oxidize  aa  compktelj  as  possible  all  the  metal  present. 
When  the  whole  mass  13  fused,  the  auiphurct  of  iron  lisTing  been  converted 
into  oxide  of  iron  ajid  Bulphuroua  add,  the  sUica  reacts  on  the  iron,  and  ia 
converted  into  a  fusible  ailicate ;  some  oxide  of  copper  is  (d&o  scorified,  but 
the  matt  or  wliite  mi^tal  produced  ia  much  improved  in  quality,  and  rendered 
fit  for  tlie  eighth  operation.  The  operation  requireB  about  twelve  Iioutb  for 
its  completion  ;  and  but  little  alteration  has  taken  place  between  the  treigbts 
of  the  charge  introduced  and  of  the  products  obtained,  none  of  tlie  latter 
being  finished  with^  but  having  to  be  redistributed  to  the  ftiraaoeft  for  th« 
second,  fourth,  and  ajxtb  operations, 

Thf  Eitjhth  Opfraticn  ia  conducted  in  a  furnace  preciselj  similar  in  eTery 
respect  to  tlie  fuma-ce  employed  for  the  seventli  operatioK,  The  nmterials 
constitutLng  th^  charge  are  white  metaU  produced  from  the  siilh  nud  seventh 
operationBt  together  with  the  red  metal  from  the  sixth  operation,  tritljout  any 
other  flux  than  the  saud  adhering  to  the  blocks  from  the  moulds  in  which 
they  were  cost.  The  operation  lasts  about  four  hours,  the  weight  of  the 
charge  being  about  one  ton  and  a  holf.  At  first,  as  in  the  last  operation,  the 
effect  is  that  of  oxidation;  but  aa  the  fusion  proceeds,  tlm  oxide  of  copper 
which  has  been  produced,  coming  into  contact  witli  sulphur ot  of  copper^  ft 
reaction  takes  place,  siUphurous  acid  is  eTolved,  and  metallic  copper  pre- 
cipitated, or  a  subsulphuret  of  copper  ib  produced.  The  products  are  tliwc, 
all  of  wliich  have  to  be  reworked,  They  are — 1st,  a  regulus,  consisting  gf 
copper  8]  >  iron  "2,  sulphur  nearly  2  per  cent. ;  2nd*  a  slag,  consisting  almost 
entirely  of  silica,  and  oxides  of  iron  and  copper,  with  about  ten  per  cent,  of 
copper  mechanically  mixed;  3rd,  copper  bottoms,  or  alloja  of  copper  willi 
otlicT  metals.  Thesa  are  reaen'ed  for  the  ninth  operation;  and  some  of  the 
slag  is  returned  to  the  furuace  for  the  fourtli  operation. 

Ninth.  Opertttion. — ^The  same  sort  of  fiimecc  is  used  as  in  the  last  opera- 
tioD.  The  charge,  amounting  to  from  2^  t<i  {j|  tons,  consists  of  vfliife  metal 
from  th«  fourth  operation,  regulns  from  the  eighth  operation,  copper  bottoms 
from  the  sixUi  atid  eightli,  and  a  small  proportion  of  rich  oxide,  or  carbonate 
ores,  associated  with  quartzose  matrix  or gsngue.  No  other  Hux  h  added  than 
the  silica  of  the  rich  ore.  The  heat  of  tJie  furnace  is  at  first  regulated  for 
the  calcining  of  the  charge,  and  is  gradtmlly  raised  until  the  whole  mass  is 
perfectly  fueed.  The  ohject  of  the  calcination  k  to  promote  tlic  oxidation  of 
the  metals  and  of  Iho  anlphur:  tJie  sulphur,  being  converted  into  sulphurous 
acid,  parses  ofT,  together  with  arsenic  if  it  be  present.  By  fusion  of  the 
oxidated  matters,  oxide  of  copper  is  brought  into  contact  with  snlphuret  of 
copper,  oxygen  leaving  the  copper  and  combinicg  T^ith  the  (rnlphur;  the  two 
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in  combiBatioiL  aftanmiiig  the  gaBtous  form,  produce  utavvi  desirabte  agita- 
tion of  the  constituents  of  the  ("hnTge,  thereby  in  Buccessiaii  mattars  having 
chenuc&l  reactions  on  each  otJi«r  ore  brought  iuto  cantact,  and  the  desired 
duuiges  are  effected.  As  only  a  limited  supply  of  oxygen  is  ciozitained  within 
the  charge,  and  this  is  eooti  exJiausted  by  the  reaction 9  th&t  take  place  within 
Uae  fluid  moss,  it  becomos  necessary  to  obtain  a  fresh  supply.  In  the  fused 
state  the  charge  present:]  but  a  veiy  small  amount  of  surface  fot  the  reaction 
of  the  heated  air  pa&siDg  through  tho  fumaci^.  The  production:  of  the  nu^ 
aeasuy  Eurface  for  the  further  oxidation  is  efi^cted  in  a  simple  but  ingcmoua 
manner.  The  fiLmace  is  allowed  to  cool ,  by  opening  the  door?,  down  to  a  dull 
red  heat ;  in  so  doing,  the  crust  formed  over  tlie  surftvce  of  the  fluid  mass  is 
broken  up  by  the  sulphurous  acid  passing  off.  As  the  charge  throughout 
becomes  more  and  more  pasty,  it  ia  rendered  more  porous  by  Uie.  gas  evolved, 
through  the  agency  of  the  oxygen  of  the  heated  air  coming  into  contact  with 
it,  which*  at  (he  same  iiiuo  tliut  it  is  expelling  tho  sulphur,  is  atao  being 
stored  up  witliln  ilie  mass  by  the  combining  action  of  the  copper,  iron,  and 
other  metola  present.  At  the  end  of  abont  twelve  hours  the  ch&rge  is  so  far 
cooled  that  the  diacngagement  of  the  gas  ceases.  The  doors  are  again  closed, 
the  heat  is  gradually  raised  during  the  ne?;t  aix  hours^  fusion  slowly  takes 
place,  calcination  at  Jirst  going  ou ;  and  oi^er  the  mass  baa  again  become  fluid, 
Uic  mutual  reaction  of  the  oxides  and  sulphuretg,  ^s  bcforG  indicated,  aguin 
take  place.  The  heat  is  then  urged  on  to  the  utBooat:  the  sihca  and  iron 
entering  into  combination,  produce  a  slag,  Cogetlter  ivlth  tlie  remaining  email 
proportiouB  of  antimony,  arsenic,  Ac.,  through  ivhich  the  fused  metallic  cop- 
per finds  ila  way  to  the  solo  of  Oie  fumnce. 

At  the  end  of  twenty-four  hours  the  charge  is  dra^n,  the  slag  being 
Bidmmed  off,  and  the  metal  cast  into  blocks  about  three  feet  long  and  eighteen 
inches  wide.  Thia  product  is  known  as  blistered  capper,  and  aniounta  to 
about  sixty  per  cent,  of  the  weight  of  the  charge  put  into  tlje  furnace.  The 
reaiduary  slag,  which  not  iinfreqnently  contains  fifteen  to  t^venty  per  cent. 
of  copper,  ia  sorted  and  returned  to  the  furnaces  for  the  fourth  and  sixth 
operationa.  The  blistered  copper  is  so  colled  because  tlie  surface  of  the 
ingots  IS  covered  with  blisters;  the  interior  is  fUll  of  cavities,  the  fractured 
ffurface,  when  fresh,  being  of  a  deep-red  colour. 

Ttmth  Op^ation^ — Ecfming  Uiq  coarse  metal  produced  in  the  last  process 
is  condnctcid  in  a  similar  foruace,  having  a  laj-ger  iiro  place  and  the  roof 
iomewhat  higher  above  the  sole,  bo  as  to  allow  of  the  piling  of  the  charge  of 
ingots,  seven  to  ten  tona  weight,  on  and  over  each  other.  These  require  to  be 
fio  omnged  as  to  allow  of  a  free  draught  Ihrongh  tho  furnace,  but  with  a 
regular  equable  distribution  of  heat.  During  the  first  eighteen  hours,  the 
workman  has  only  to  maintain  the  fire  so  aa  steadily  to  roisei  the  heat  of  the 
furnace. 

A  calcination  and  on  oxidation  at  first  goes  on  during  the  alow  fuwon,  aa 
in  the  Ust  opcTation,  more  sulphnr  being  evolTed ;  and  when  the  fusion  is 
complete,  the  sLUca  adhering  to  the  ingots  ftises,  together  with  some  of  the 
oxido  of  copper,  at  the  same  time  laying  hold  of  inost,  if  not  all,  of  the  other 
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inottdlic  oiiileb  rciiiaining  iu  coDibinatJoa,  At  the  end  of  tweutj-two  houia, 
tliQ  acoria  thus  produced  is  rakcl  cfi*.  leavin}^  Uic  surface  af  the  meUl  w 
claan  as  poasiblo,  A  fi3w  BlioveUuls  of  powdered  wood^axcoal,  ox  finely- 
pulverized  anthracitQ  of  the  heat  quality,  are  thrown  on  tho  saxiskC^  of  tb« 
chiurge,  and  rapidly  spread  over  it  A  short  time  after  thia,  a  pole  of  gnea 
wood  IB  plunged  into  the  fused  metoJ :  a  vioknt  <;luUition  takes  place,  caaxiQg 
a  more  intimate  mixtuie  of  the  copper  and  the  charcoal ;  and  probably  th« 
Bteam  and  gaaeoci^  products  gtoIyocI,  assist  in  the  ctimination  ot  any  traces  of 
fiulphur  left  withia  tlio  metal.  This  action  with  the  pole,  termed  "  paling." 
is  maijit-aiued  for  about  twoutj  minutes.  The  supejintendent  then  takea  cut 
a  small  5amx>lo  of  the  metiil  in  a  tad)^;  when  cooled,  hfi  exaxnini'B  it  by 
outting  thfl  ingot  half-vsny  through  with  a  steel  chisel;  then  bending  it  in  a 
vice  back  to  a  double,  by  which  moans  tho  hbre  of  the  metal  is  de'vt^loped, 
th«  colour  and  flexibility  is  ascertained^  and  it  is  determined  ^'bether  Ihe 
refining  Is  Gon^plete. 

If  the  poling  has  not  been  contiiiued  long  enough,  the  metal  wiH  bo 
brittle ;  so  also  will  it  bo  if  the  poling  has  bi^cn  contiimed  too  long.  In  ^ 
latU^r  ca&a  the  metal  ia  restored,  but  with  fioma  difficulty,  by  clearing  tM 
surface  of  the  metal,  and  allowing  heat^  ait  to  pass  over  it,  apparently  for 
tlio  purpose  of  decarbonizing  the  metal.  When  the  metal  has  been  over- 
poled,  it  becomes  exceedingly  bright  and  hriUiantly  clear*  so  that  the  roof  of 
the  furnace  may  be  saeu  rdiected  on  its  surface,  Ucfore  poling,  the  copper 
ia  in  a  peculiar  condition,  termed  the  dnf  xtata,  probably  consieting  of  mucb 
oxide  of  copper  and  oxygen  in  contact  witli  tho  met*!.  In  thia  condition  It 
hoa  a  YGry  strong  action  on  tlio  h'on  took  U£cd  In  ^orkiJig  tho  charge.  The 
desired  point  having  been  attahied  by  tlie  rehner,  tlio  charge  ia  again 
aliimmcd,  a  amoky  liume  is  produced  in  the  furnace  to  present  oxidation, 
and  tho  metal  is  taken  out  In  ladles  covered  ^ith  a  vrash  of  fire-clay,  and 
cast  into  moulds,  varying  according  to  the  quality  or  form  required  for  the 
market  Various  qualities  of  copper  are  met  with  in  the  market,  vaiying 
from  £S  to  ^0  per  ton  in  price ;  tliey  are  known  as  "  best  selected,"  "  tough 
copper,"  and  "  tile  copper,"  These  \ary  in  q^ualily,  according  to  the  choic* 
of  products  for  the  tenth  or  refining  operation. 

The  rarious  operations  hora  described  havo  been  modified  in  diffarent 
amolting  efitahlialunonta^  but  tho  principles  involved  aro  anhstautially  the 
same.  At  first  sight,  they  appear  to  be  exceedijigly  comjilicat^d  and  unne- 
cessarily extended  in  numbor;  but,  ou  closer  investigation  >  it  will  bo  foond 
that,  mth  tho  aid  of  the  closest  application  of  acientiiic  principles,  amoere 
perfect  ayetcm  of  operations  could  flcarccly  bo  devised.  During  the  last 
twenty  yeara^  a  great  nmuber  of  patents  have  been  taken  out  for  improve- 
ments in  Uie  smelting  of  copper  oi'es ;  but,  either  from  want  of  merit  or  from 
want  of  proper  trial,  very  few  have  been  permanently  adopted,  and  but  veiy 
slight  improvements  have  been  generally  introduced  throughout  the  amelting 
establishments  of  Wales. 

In  order  to  tlie  perfect  development  of  the  present  systam  of  wot-kiiig,  the 
closest  apphcation  of  scientific  pruicipleB  and  of  chemical  knowledge  ia  abso- 
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lutelj  neca^saorj,  although,  very  good  results  have  been  ol>tamed»  much 
better  thaa  could  have  been  anticipated,  from  aimply  empirical  ot  rule  of 
thumb  working.  Fur  example,  a  perfect  BJioljais  of  tho  ores  piircha£^d 
would  indicato  mill  precision  the  quality  aud  quautitj  of  tUo  various  ores 
that  should  be  associated  for  the  production  of  the  best  efleets  of  caJcination ; 
it  would  ako  sorve  tt>  show  tho  real  value  of  the  diiferent  ores — not  simply 
on  account  of  th«  proportion  of  copp^jr  coutainedintheED.  but  also  on  account 
«f  tb«  comparative  voluo  of  tlio  assDciated  miui^mk,  as  Uux^^^,  lic.  The 
knowledge  of  tlic  true  character  of  each  of  the  operatioiifi  employed  would 
give  tho  power  of  rogulating,  with  pi?oci&iou,  the  results  to  be  obtained. 
Empirical  knowledge  ia  BuBieieut  for  the  production  of  tulerahlo  reeulta,  as 
Icaig  as  all  thing's  go  smoothly;  but  more  than  this  is  uocessoij  to  set 
right  again  proGeases  whloh  have  gone  wrong.  It  is  when  the  ospe- 
rience  gained  by  prolonged  acquaiutonco  Tvith  practical  operaLLone  on  the 
}&3t^c  SC4de,  ia  Aided  by  the  sci(iJiti£c  knowledge  gained  by  the  careful  mves- 
tigatiott  of  the  character  of  the  phenomena  observable,  and  of  th^  priJiciplo& 
involved  in  tlieir  production,  that  such  a  command  over  circumstances  is 
obtaiuod  as  will  etuitirti  tho  ptoductiuu  of  rusultsi  at  will. 

In  the  Swonseii  district  there  oj-e  neaily  six  hundred  furnaces  employed. 
consuming  about  k>UlJ,UUO  toB^  of  e^al  per  annum,  cmphtjiugt  exclufiive  of 
GoUicra,  about  four  thousand  persous,  T-vho  receive  nearly  £4000  per  week  aa 
wages.  About  tsveuty  tous  of  cool  are  consumedi  on  an  avcruge,  for  the  pro- 
duction of  one  ton  of  copper.  Copper  is  brought  int£p  the  market  in  ii  variety 
of  forms,  auch  as  bean-shot  or  feathered-shot^  intended  for  the  manufacture  of 
brjiss.  The  former  of  these  ia  produced  by  pouriiig  tJie  meltod  copper 
tlirough  ladles,  liUed  with  holes,  into  hot  water,  for  the  production  of  boan-sliot, 
or  cold  wat^r  for  the  manufaetoTQ  of  fnfathered^hot.  It  ia  cast  into  slabg 
when  required  for  hammering  out  into  shape  for  large  utonsilB,  s'uchr  for 
instance,  as  vauuum  pand  for  gugar-refinicg  purposes;  in  wliich  case  a  small 
slab,  with  the  aid  of  a  Natmiytli  s  steam-hammer,  ia  hammered  out  into  the 
form  of  a  hemisphere,  with  a  rim  eight  to  nine  feet  in  diameter  out  to  out, 
and  four  feet  deep.  It  ia  also  cast  into  ingots  of  varioua  sijfefi.  Ouc  form  of 
ingot  iaonly  aix  ounces  in  weight,  and  about  eight  inches  long.  It  is  t^sported 
to  tlie  Ka^t  XatUea  aa  Chinese  or  Japan  copjier.  These  ingotb  are  of  a  hue  red 
colour,  produced  by  throwing  them  wMlo  hot  into  cold  water.  Tlie  method 
of  producing  this  colour  was  for  a  long  time  kept  secret  by  a  single  finu,  who 
had  discovered  it,  and  had  thereby  succeeded  in  producing  an  article  which 
they  aucoesafuUy  brought  into  competition  i;\ith  liie  Chinese  or  Japooicse 
article,  which  had  proviou^fly  completely  monopolized  the  market. 

The  slabs  are  also,  some  portion  of  them,  before  hdng  sent  away  from  the 
ameltiug  works*  converted  into  sheets  of  varying  thickuese,  by  rolling  between 
smooth  iron  rollers,  each  about  three  feoL  eight  inches  long,  and  fifteen  inches 
in  diiimoter.  The  iugota  of  copper  to  bo  operated  U[»oii  aro  heated  in  a  rc- 
verhcratoiy  furnace,  and  are  then  passed  tlirough  the  rollers,  returned  over 
them,  and  pttssed  through  again  and  again,  until  by  cooling  and  hardening  they 
become  so  britUo  that  they  require  to  be  aunoalcd  by  reheating  in  the  famace. 


osa 


GFSEBATIOH    OF    SPLPaCRIC    ACID. 


The  follers  we  gradually  brought  closer  together  by  tightening  screws  beiirmg 
on  Lb©  plummcr  blocks,  cfliryiiig  the  shaft  of  one  of  the  rollers.  The  repeated 
re-li«atings  of  the  sheet  produce  a  coatingof  oxide,  which  is  remoTed  by  steep- 
ing for  a  few  days  in  urine  :  it  la  then  put  a^in  into  the  fumacep  the  ammoiiiii 
Eittftched  to  the  gurfo^^e  is  driven  off,  and  the  sheet  being  plunged  while  hot 
into  cold  water.  thecupHc  oxitle  foinied  echIcb  off.  lea^'ing  ths  metallic  surface 
bare.  After  pasaing  tho  sheot,  when  cold,  through  the  rollers,  to  produce  a 
smooth  surface,  it  is  cut  liowti  to  t!ie  proper  siKe  and  paclied  for  tho  market. 
Very  large  quantities  of  Gheet  copper  have  been  i:sed  for  sheathiiig  Ehips; 
but  it  is  now  superseded^  to  a  great  extent,  by  the  introduction  of  a  sort  of 
brass,  known  as  Mimtz's  yellow  mctAl,  ^  well  as  by  slieet  zinc. 

Tho  principal  places  of  export  arc  London,  livcrpool,  uid  STranseL 
The  principal  places  where  it  is  mEUiufactuxed  are  Birmingham,  Sheffield, 
t«Qnddn,  and  Bristol. 

XmpTOTed  Proc*flfles.^IC  has  been  before  observed  that  the  operations, 
aa  described,  are  modiJied  in  TfirionsaitieltingeBtJibUshmcntflto  meet  peculinr 
circumstances;  but  it  is  surpriaing  how  long  any  improTcment  in  llie  system 
of  operailone  tal<es  io  obtain  extensive  adoption.  One  of  Iheeo  improve- 
ments consifits  in  the  calciiifitjon  of  copper  ores,  eontninirtg  mnch  iron  pyrites, 
in  a  kiln,  instead  of  a  reverberatory  fumi^ce,  witlioiit  the  asBist&nce  of  any 
otlier  combustible  matter  than  the  coiistittient  sidphur  of  the  pyrites.  The 
kiln  is  so  arranged  that,  as  in  a  llme-kiln,  the  matter  to  be  operated  upon  33 
BUpplied  at  the  top  and  witlidrawn  from  tlie  bottom.  The  sulphur,  by  burn- 
ing, ia  converted  into  sulphurous  acid;  which  meeting  with  the  nitrouB  acid 
VH-pours  evolved  from  a  charge  of  nitrate  of  soda  undergoing  decotnpOBitiozi 
from  the  action  of  sulphiiric  acid  in  a  cnst-iron  nitre  pot  placed  in  the  flue 
leading  to  an  ordinary  sulphuric  ftcid  chamber, — ia  thereby  converted  into 
that  extremely  useful  material,  etdphuric  acid,  which  is  collected  in  the 
chamber,  and  may  thence  be  obtained  for  converaioJi  into  a  suitable  form  for 
the  numerona  purpoees  for  which  it  is  so  indispensably  necessar},  Tliia  acid 
may  be  employed  for  the  manufacture  of  superphosphate  of  lime,  as  a  manure 
for  enriclmig  the  eoil,  instend  of  being  rendered  worse  than  useless,  by  the 
ordinary  careless  way  of  working,  by  poisoniug  the  air.  If  only  a  Hinall  quantity 
of  arsenic  be  present,  the  eulphiiric  acid  produced  may  be  purified  by  a  ^ubse^ 
queat  operation,  and  rendered  iit  for  common  purpoECS.  If  Uie  copper  ore 
contain  large  quantities  of  arsenic  nnd  but  little  sttJphur.  tt  may  be  calcined 
advantjigeonsly  in  a.  einiilar  Idln  ;  but  instead  of  using  a  lead  chamber,  the 
fumes  of  areenioug  acid  or  white  ftrsenic  should  be  conducted  into  horizontal 
chambered  flues,  niade  su^cicntjy  large  and  of  such  a  length  that,  by  coob 
ingi  the  vfipoura  may  be  condensed  in  the  form  of  white  powder,  and  collected 
for  sale  to  the  arsenic  refiner.  If  the  ore  do  not  contau)  sufficient  conabu* 
tible  matter  to  maintain  tho  heat  long  enough,  a  email  qnantiiy  of  calm,  or 
anthracite  coal,  may  be  advantageously  mixed  with  the  ore  in  charging  Ibe 
fitmace,  precisely  in  the  same  manner  as  in  worldng  lime-kilns.  Hha  pro 
cess  for  separating  the  sulphur  in  the  manner  above  desciibcd,  was  patented 
in  the  year  1  Bil,  by  Birkmyre  ;  but  it  had  been  in  use  nearly  ae  far  back  as 
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1840,  when  this  method  was  introduced  for  obtaining  Eu]phur  from  mundica, 
or  iron  p/rites,  by  tLe  Eoda  mairafnctiirers^  in  conscqaeixce  of  tlic  altempltd 
monopoly  of  the  snlphnr  trude  by  the  Sicilian  monarcli,  Thi?  circumsianco 
nave  rise  to  many  attempts  to  improve  tlio  produce  of  the  great  vaiiety  of 
metalliferons  minerals  obtainrible  in  varioyg  ports  of  tlie  United  Kingdom. 

Amongst  others  we  may  notictj  Uio  patent  obtained  by  W.  Longmnid, 
bearing  date  October  20,  l&4a.  Its  object  waa  to  render  aalphur  ores,  in- 
cluding poor  copper  ores  containing  much  stdphur,  flvaUable  for  tltu  purposes 
for  which  anlphur  n'as  commonly  employed.  It  was  found  that  a  largo  pro 
portion  of  the  ores  containing  sufficient  sulphur,  fiufficiently  free  from 
ftrs^nic  to  allow  of  their  being  employed  for  tho  manufacture  of  &nlx)huric 
acid  by  bnming  in  the  kiln,  &a  already  described,  would  be  too  small  to  be 
avftilflbJe  for  tliis  mode  of  trefttment.  In  Longmaid'e  process  tliis  difficulty 
has  boen  OTercome;  atult  at  the  same  time^theueceBsityforikVoidin^ihe  uae 
of  ores  contftinlng  much  arsenic  was  eraded.  The  process  consisted  in 
grinding  tlie  ores  to  a  coarse  powder,  »nd  mixing  with  them  a  proportion  of 
common  salt,  or  ehlorido  of  Bodiiim,  hnving  such  relation  to  tlie  sulphur 
present  in  the  ore,  that  moro  than  sufBcicnt  sulphuric  add  necessary  for  tlie 
decomposition  of  the  salt  should  be  obtainable  therefrom.  The  mistTiro  ib 
pnt  upon  the  buck  of  one  of  four  bedg  of  a  reTerber&tory  ftiniace,  eijciy  feet 
in  length.  A  very  moderate  heat  reacldag  the  mixture  from  the  tire  place 
is  sufficient  to  cause  the  combuiition  of  the  sulphur  of  the  ore  in  contaet  witii 
the  salt:  the  greater  portion  of  the  sulphtLroua  acid  produced  la  convcrled 
into  Bulphnrie  acid,  the  sodium  of  the  eiilt  obtaining  o:!iygen  from  the  iron 
contemporaneously  oxidized  with  tha  fiuJphux.  The  chlorine,  aet  &ee  from 
the  sodixun,  enters  at  once  into  combination  with  the  iron,  producing  tlie 
chloride  of  iron  ;  and  the  same  action  takes  place  between  the  salt  and  tho 
eulphuret  of  copper.  As  the  heat  is  increased,  by  adTsncingtlte  charge,  at 
the  end  of  tweniy-four  hours,  on  to  the  nest  bed,  a  large  proportion  of  the 
chloride  of  iron  la  volatilized,  and  passes  away  into  the  flues  with.  Ihe  smoke 
of  thefiro;  another  porlion  of  the  chloride  of  iron,  under  the  influence  of 
the  heated  oxygen  of  tlie  air  passing  through  the  furnace,  is  decomposed,  the 
iron  being  converted  into  tlie  state  of  peroxide  in  a  Tery  fiuely  divided  state, 
with  the  evolution  of  gaseous  chlorine,  tlie  chloride  of  copper  remaining  un- 
Affected.  By  eontinaous  exposure  to  heat  on  tho  different  beds  of  the  furnace 
fcr  from  aeventytwo  to  ntnety-slx  hourB^  uith  a  very  small  expenditure  of 
fuel  and  of  Inbour.  the  whole  of  the  sulphurets  present  will  haTebcen  decom- 
posed, and  tlie  original  charge  of  chloride  of  sodium  and  of  sulphur  ores  will 
hare  been  converted  into  ft  product  called  sulphate  ash,  which,  by  lixjviation 
in  water,  i^  separable  into  a  solution  of  sulphate  of  soda,  chloride  of  copper, 
and  chloride  of  silver,  if  any  of  Umt  metal  shonld  have  been  present  in  the 
nw  ore  (and  nearly  all  copper  ores  do  contain  it),  and  insoluble  peroxide  of 
iron,which,bylorigation,Tnaybe  perfectly  separated  from  the  sandy  siliceous 
couvtitire^ts  of  the  ore  employed.  The  copper  is  precipitated  from  solution 
nther  in  the  state  of  oxide  by  soda  or  lime,  or  in  the  metoUio  state  by  the 
employment  of  metallic  iron. 


This  process  lias  been  advantage oualj  employed  at  St.  Helena,  Lauoo- 
ahirer  for  the  manufacture  of  fiulpLate  of  soda,  and  the  extrnctiozi  of  copper 
and  silver,  for  many  years ;  but  as  yet  it  has  not  hceu  used  on  the  large 
scale,  far  operRting  on  the  ncher  sulphurous  copper  ores.  Tlu3  process  has 
been  but  hMy  worked;  but,  with  cuergetic  managemeut,  as  a  process  for 
fitnetting  copper,  tlie  Tery  beat  results  may  fairly  be  anticipated  from  it 
The  peroxide  of  iron  is  ubtidued  in  auch  a  vary  fiui^ly- divided  conditioUt  that 
it  is  used  in  tho  manufacture  of  tho  moat  voluublu  point  for  covering  iri^u^ 
especially  if  it  bo  opposed  to  tho  action  of  salt-water,  as  mth  the  bottoms  of 
iroii  olups.  Ths  chlorine  products  evolved  in  the  course  of  eaJcmatiou  aro 
80  easily  condensed,  that,  witli  moderately  loug  horizontal  flues  interx'oaiiig 
between  the  furuace  and  the  cliimtiey*  iiu  condunser  for  tho  fumes  i&  required. 
as  in  the  ordinary  process  of  miuiuf^icture  of  B^lt-coke  or  suIpLote  oif  soda 
Jrom  conmion  suit  and  U(|uid  sulphuric  acid. 

The  precipitated  copper  i»  found  aasocintod  with  the  silver  ortginoUy 
contained  in  the  raw  ore :  tho  separation  of  the  two  metala  is  eHected  by 
disfiolviug  the  precipitate  in  sulphuric  acid,  for  the  manufacture  of  sulphate 
of  copper,  to  be  evaporated  and  crystalilifcd  for  the  production  of  blue  vitriol, 
whidi  ia  Lirgely  employed  for  agricultural  puri>osee  in  pickling  wheat,  for 
dyeings  and  for  a  great  yariety  of  other  chemical  purposes.  By  this  pracGfis, 
silver  cau  be  obtained  &om  ores  coutaiuing  so  small  a  quonUty  as  one  and  a 
half  to  tliree  ounces  per  ton,  Buuh  ae  could  not  be  economically  extracted  by 
any  other  process.  Ytry  aiaall  quantities  of  tin  ore  are  very  generally  found 
in  most  of  tho  copper  ore^.  It  may  be  very  easily  extiacted  from,  the  coarse 
residuary  matt^rtj  Ibuud  after  tho  sepoxatiGiL  of  all  the  soluble  constitimnts  of 
the  sulphate  ash,  and  of  tlte  light  piiroxide  of  iron.  No  other  process  will 
compare  with  this  for  ^fliciency  in  resolving  aU  the  constiLuents  of  sulphur 
cox^por  ores  into  valuable  useful  products. 

A.  Parkes,  in  a  ])ut<3nt  sealed  June  1  Ith,  18&0,  describes  a  cuvulaj  rever- 
beratory  furnace,  >vith  two  or  more  beds  or  soles  over  each  other,  with  a 
central  sltail  oarryiug  ai-ma  holding  rnkes,  whicli,  revolving,  servo  to  turn 
over  or  rabble  tho  charge  of  ore,  and  gtudnally  transfer  it  from  the  top  bed, 
on  to  which  tho  ore  ia  fed  by  a  hopper,  to  the  next  one  below;  and  so  on, 
untU  the  choige*  as  tlie  calcinallon  is  completed*  is  turned  out  of  the  fumaee. 
A  much  better  plan,  obviatiag  the  mauifetit  difficulty  of  moiuiaining  the  shaft 
and  arms  in  repair,  is  to  adopt  Uiomton's  calcincr,  nliich  is  a.  circuhu'  rever- 
beratory  furnace  of  only  one  bed  or  sole,  which  ia  supported  on  a  porpcn- 
dicular  shaft.  A  mck-uork  on  tlie  under  edge  of  the  sole  aflbrds  the  means 
of  revolving  iho  table  by  the  motion  of  a  cog-wheel  working  in  it,  driven  by 
machinery  of  veiy  small  power.  This  calciner  was  invented  for  the  roasting 
of  tin  oi-es,  and  has  been  almost  exclusively  applied  to  that  purpose,  for 
which  it  baa  answered  very  well;  and  it  would,  doubtleas,  be  equally  valtt' 
able  for  the  calcination  of  copper  and  of  other  ores, 

M.  Tripler  obtained  a  patent  in  France,  October  10,  1844,  which  appears 
to  have  been  copied  by  A.  Truoman  in  a  patent  sealed  October  7,  1&G2, 
wherein  it  ia  proposed  to  treat  the  ores  of  copper  contaauing  oxideo  and  car- 
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bonAtea  alQAe  without  Bulphurcta»  or  GulphurelB  oon^erted  ioto  oxides  by 
iottsting»  with  muriadc  or  5ii1pliuricacid,  precipitating  the  copper  thae  iakau 
into  BoluUon  with  tnuriatc  of  lime  and  taHIc  of  lime.  The  ^fQcnlty  of  ob- 
teiiking  Buitable  Yea&cls  to  withstand  the  action  of  the  &dda  ia  too  great  to 
allow  of  this  plan  being  cRZri^d  out  on  the  largo  scale ;  the  same  objectioii 
ia  applicable  to  the  various  devices  pat£nted  for  the  precipitation  of  copper 
ill  solnbi^L  by  galvanic  agencies,  &ixch  as  Napier's  patent,  hearing  date  of 
sealing  March  2nd.  T**47;  A-Wdl^Decemher  16th,  1844;  A.  CroBse*  August 
a«th,  1SA3;  acd  W.  H.  Kitchio,  October  10th,  1844. 

J.  Swindells,  in  his  patent  of  NorBmber  14th,  IS&O,  proposes  to  reduce 
Kllphui'  ores  of  copper  to  oxides  by  caldnatiuu,  and  then  to  aoporata  the 
eopp«r  and  silver  by  dissolving  thcni  out  with  ammonia.  For  tho  use  of  a 
variety  of  fluxea  or  of  peaulior  aseortmenta  of  orea*  the  following  patents 
h&ve  heen  obtained ;  hut  the  advantages  r^auldng  from  them  liave  not  been 
so  greitt  as  to  become  of  public  interest.  Reference  is  here  made  to  them 
for  the  purpose  of  faciKtating  further  investigation  of  their  character. 

De  Sussex,  Maich  :J3rd,  1847,  employs  with  the  sulphur  ores  of  copper, 
siliceoas  sand,  carbonaceoUB  matters,  nitrate  of  soda*  aoda  aah>  and  £luor 

J,  J.  Hill,  March  0th,  ISOO,  uses  with  the  ores,  galena,  or  carbonate  or 
sulphate  of  barytes  or  of  etrantian^  and  al&o  oxygen  gas. 

A.  Parkes,  September  11th,  1@&1,  usea  iron  or  zls«  in  reining  whito 
mataL 

Napier's  process  has  hcon  worked  on  tlie  large  scale  in  Wales ;  it  has  for 
ita  object  the  reduction  of  tlie  ten  operatiouB  ordinarily  employ^  ia  one-half 
the  number,  la  the  first  place,  the  ores  are  selected  and  mixed  so  aa  to 
contain,  as  nearly  as  possible,  all  the  c^matituents  ncce^ary  for  the  pro- 
duction of  a  perfect  fuaion  of  the  whok  with  facility.  The  raw  ore  ia  iirat 
roaated  in  the  ordinary  calcining  fumnce,  to  draw  o^  ail  tho  volatile  matten» 
OA  nearly  as  possible,  and  to  oxidiza  the  rGmoinlng  mctaliic  constituenta. 
The  roosted  product  is  iutroductd  into  a  reduciog  fumace,  and  exposed  to 
suMcient  heat  to  produce  perfect  fusion.  The  Blaga  are  then  Bldmmed  oBi, 
and  soda  ash  or  sulphate  of  aoda  Is,  thrown  into  the  furuaco  on  thd  melted 
matt.  If  sulphate  of  soda  is  nsed^  it  ia  employed  in  the  proportion  of  one  to 
one  and  a  half  cwt.  to  the  t^n  of  regulns;  tTventy  to  thirty  Iba.  of  fine  coal 
should  he  mixed  with  it  before  it  ia  thrown  in.  As  soon  as  the  salt  cake  ia 
fufied»  it  should  he  well  mixed  over,  to  produce  coinplete  decomposition  with 
liie  production  of  soda.  After  beingwell  mixed  with  tho  charge,  and  allowed 
to  fitand  for  a  few  minutes,  to  restore  the  heat  lost  by  tlie  ojxming  of  the 
faraacc  and  the  turning  of  the  charge^  the  furnace  is  tupped,  and  the  charge 
oUowcd  to  run  out  into  sand  moulds.  As  &oon  aa  the  blocks  are  sohdiiicd, 
and  while  still  very  hot,  they  are  thrown  into  a  lank  of  water,  where  they 
imniGdjately  cniiuble  down  into  a  sandy  moss,  which »  after  being  well  washed, 
is  removed  to  a  calciuing  furnace,  and  there  exposed  to  a  roaaling  for  twenty- 
four  hours,  or  until  dU  tlie  sulphur  is  as  nearly  as  possible  expelled.  Thifi 
product  of  this  third  operation  is  next  mixed  with  oxide  or  carbonata  of 
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4.'  ii  much  BiliceouB  matters,  and  with  gome  corbotmceom 

iii-,.:i,.-,  L.,,,,  ^:.  ^-  -1  or  flutbrBcitc,  in  powder.  Tbe  charge  is  put  into  t 
Inducing  fumxice,  anil,  in  the  caiorae  of  si3£  or  eight  hours,  it  is  again  rednfied 
to  a  tiuid  muBS.  The  iron  and  silica  enter  into  combination  with  each  other, 
being  prodncts  of  a  elag  rerj  free  from  tuhnixture  of  copp«r,  and  metallie 
copper.  The  product  of  this  fourth  operation  is  equal  in  qtiolity  to  the  veMu 
m^tnl  of  the  ninth  operation,  and  has  only  to  nndergo  th^  refining  process  of 
the  tenth  operation  tc>  be  rendered  fit  for  tJio  market. 

The  metal  obtajneJ  ig  said  to  ho  of  bettor  quahty  than  that  produc«d  by 
the  old  plan,  in  eonsecjuence  of  Uie  Bulphide  of  Bodiuin  produced  in  tL^s 
second  operation  hftving  diasolved,  when  in  contact  with  walcr^  the  aa-senic^ 
tin,  and  antimonj  contained  in  the  ore,  and  thus  removed  these  bodies  ill 
solution.  When  the  slugs  of  the  second  and  fourth  operations  do  not  appnt 
to  be  sufficiently  fluid,  a  small  quantity  of  alaclied  Ume  and  eommcm  s&lt  is 
added  with  good  effect. 

Bankart  obtained  a  patent,  August  7th,  184S,  which  has  been  worked  oa 
an  extensive  scale  near  Swansea.  The  process  consists  in  first  reducing 
sniphur  orcB  of  copper  to  0uq  powder,  roasting  them  at  a  low  red-beat  in  s 
calcining  fomace,  by  ^vliich  means  a  largo  quantity  of  sulphnroQS  acid  gas 
ia  GTolved ;  hat  another  portion  of  ih.^  sulphur  becomeB  fully  oxidated,  id 
converted  into  sulphuric  acid,  and  combines  with  the  oxidized  copper,  pr<>- 
duciug  the  sulphate  of  copper^  which  ivi  aotublo  in  water.  The  calc^i«d 
product  13  put  into  vats  coutainiiig  boiling  water,  wliich,  percolating  through 
the  mass,  dissolves  out  tlie  blue  ^'itriol  or  suJphjite  of  copper,  tearing  the 
oxide  of  iron,  undecomposed  sulphurets^  and  siliceous  m&ttcrs  behind.  These 
residua  are  again  calcined,  with  a  stdtable  proportion  of  the  raw  ore  mixed 
with  them.  Through  the  agency  of  the  water  about  the  ore,  and  of  the  per- 
oxide of  iron  produced  in  the  first  calciuatloUr  ^^^^  sulplturous  acid  is 
evolved  and  more  BulphuHc  acid  produced,  in  comhinatiou  with  oopper,  in 
this  second  operation.  After  euitabte  calcination,  the  cJ^arge  ia  drawn,  and 
lixiviated  m  boiling  water  as  before.  Copper,  in  the  metallic  state,  is  pre- 
cipitated from  solution  by  the  immeradon  of  metallic  iron,  or  it  may  be 
precipitated  in  the  form  of  an  oxide  with  a  solution  of  soda  asb^  or  by  the 
addition  Bret  of  muriate  of  lime,  producing  chloride  of  copper  and  Bulphate 
of  lime,  which  is  precipitated.  The  solution  of  chloride  being  run  ofT  from 
the  precipitate,  the  oxide  of  copper  may  then  be  precipitated  with  miDc  of 
lime<  The  precipitated  oxide  may  ho  collected  and  weH  wnsljed,  toremoro 
any  adhering  saUne  matters;  it  is  tliea  pressed,  and  fused  in  cmciblei  or  in 
ft  furnacer  with  a  gmall  quantity  of  carbonaceous  matter  sufficient  to  absorb 
the  oxygen  in  eombinatton  with  the  metal^  in  order  to  produce  metaUic 
copper  of  the  very  beat  quality. 

A  ^f^T^  curious  source  of  copper  waa  brought  under  public  notica  by 
Mr.  W.  J.  Henwood,  in  a  paper  read  before  the  Roya!  Institution  of  Corn- 
wall, October  31,1 6D(3<  In  several  places  in  Merionethshire  in  North  Walee, 
there  are  peat  hogs  impregnated  with  so  much  copper  as  will  pay  for  ex- 
tractioD.     The  most  extensive  formatian  of  tliis  character  is  at  Dol&wyuog. 


<0NT1SKNTAL    COI'I'EnSMKI.TING    WOUKS. 


where,  about  forty  ye.irs  since,  seventy  acres  of  the  bog  were  worked  up.  la 
order  to  obtain  the  copper,  the  peat  was  cut,  dried,  and  slowly  burnt,  so  as 
not  to  produce  snfficient  heat  to  slag  the  ashes,  which  were  collected  after  all 
the  earbonaceons  matter  was  as  completely  burnt  out  as  possible.  In  this 
TnaTiTiar  the  whole  of  the  copper  difiFused  through  the  ton  of  peat,  was  con- 
centrated within  the  hundredweight  of  ashes,  supposing  the  quantity  pro- 
duced by  the  burning  of  the  peat  to  be  equal  to  five  per  cent.  It  is  said  that 
in  one  year  2000  tons  of  ashes  were  sold  at  a  profit  of  about  ^£20,000. 
Similar  turbaries  are  found  near  the  Paiys  and  Mona  copper  mines  in 
An^^esea. 

Although  there  are  but  few  copper-smelting  works  on  the  Continent,  yet 
the  processes  employed  are  deserving  notice,  on  account  of  their  admirable 
adaptation,  in  many  instances,  to  peculiarities  of  character  of  ores,  the  quality 
of  lael  obtainable,  and  of  the  other  means  at  disposal  for  carrying  on  the 
operations.  Thus,  at  Mansfield,  in  Germany,  a  peculiar  process  has  been 
adopted  for  the  treatment  of  the  copper  slates,  or  kupferschiefer,  of  the  dis- 
triet,  the  character  of  which  is  shown  in  the  following  analysis  by  Berthier : 

Silica 40-0 

Alumina 107 

Peroxide  of  iron 6-0 

Carbonate  of  lime 19*5 

Carbonate  of  magnesia          ....  6*5 

Oxide  of  copper 2*0 

Snlphuret  of  copper 60 

ITater  and  bituminous  mutter                        .  10*3 

1000 
These  schists  vary  much  in  constitution,  but  generally  contain  not  more 
than  from  two  and  a  half  to  six  per  cent,  of  copper,  with  a  very  small  pro- 
portion of  silver.  There  is  also  generally  some  iron  pyrites  diffused  through- 
out the  mass  in  minute  crystals.  In  order  to  drive  off  as  much  sulphur  as 
possible,  to  get  rid  of  the  bituminous  matter  present,  to  oxidize  the  metallic 
constituents,  and  to  prepare  the  earthy  constituents  for  the  subsequent 
operations,  the  schist  is  collected  into  heaps  of  from  100  to  200  tons,  so  dis- 
posed as  to  have  flues  or  draft-holes  passing  through  them,  in  order  to  facili- 
tate the  combustion  of  the  mass,  which  is  maintained  by  tlie  bituminons 
matters  of  the  ore  for  fifteen  or  twenty  weeks.  Some  wood  is  interstratified 
in  the  heap  to  fkcilitate  the  combustion.  When  the  calcination  is  com- 
plete, the  bnlk  of  the  ore  is  reduced  by  about  one-tenth,  and  the  weight  by 
about  one-eighth.  It  becomes  of  a  dirty  grayish-yellow  colour,  and  of  a 
Tozy  friable  texturo.  After  being  mixed  wiUi  a  suitable  proportion  of  flux, 
consisting  principally  of  fluor  spar,  and  of  slag  from  tlio  same  operation, 
it  is  thrown  into  a  blast  or  cupola  furnace  with  coke,  or  a  mixture  of  coke 
tad  charcoal.  The  front  elevation  and  vertical  section  of  the  furnace  are 
shown  in  Figs.  143  and  144.  By  the  maintenance  of  the  blast,  the  mixture 
is  fused,  and  passes  through  the  fuel  to  the  bottom  of  the  furnace,  whence  it 
is  allowed,  to  run  out  into  basins  sunk  into  the  extemal  hearth.    The  matt, 
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oontaiiuiig  nearly  tbe  whole  of  Lhe  copper,  ginks  to  the  bottom  of  the  bftam, 
and  the  siliceous  slag  ia  fifom  time  to  time  raked  off.  In  this  maimer  about 
fpBr  tons  are  melted  away  cT&ry  twcnty-foni  hours,  yielding  eight  to  tweh* 
per  eont.  of  matt,  containing  &irty  to  forty  pot  cent,  of  copper.  The  fibf , 
wliich  Bometiines  contoinft  its  much  as  ten  per  cant,  of  copper,  ia  melted  otht 
again,  to  obtain,  more  matt,  in  which  all  tho  ooppor,  us  nearly  as  possible, 
ahall  be  concentrated ;  and  tho  fused  elag  separated  from  the  malt  is  nm 
into  moulds^  for  the  formation  of  bricks  and  blocks  for  biulding  honsca,  walk, 
and  for  constructing  pavements.  The  matt  produced  in  the  first  operation 
contains  sulphurets  of  copper,  and  of  iron,  zinci  cobalt,  nickeK  arsenic,  and 

Bilver.   It  ia  roasted  either 
!  in  heap  or  in  kiln,  nith 

wood  or  chEircoal.  three 
snccessive  times,  the  oper«- 
tion  laating  fihout  tour 
weeks ;  or,  according  to  a 
more  recent  improvement 
the  caicinationj  are  ef- 
fected in  a  reTcrberatory 
furnace,  precjaelj  mmilav 
in  constmction  to  that  em- 
plored  for  tke  first  opei^ 
tion  of  the  English  protest. 
By  tliese  Euccesaire 
ings,  Bomc  BjJphor  is  e; 
peUcd,  moat  of  the  arsenic 
iBTolatiii^ed,  and  some Kil^ 
phftie  of  copper  is  pro* 
dnced,  which  by  lixiiria&n 
ia  separated.  Bj  empoTm- 
tion,  the  solution  thus  o1 
talned  is  conocntmted,  an 
the  enlphate  of  copper 
procnred  ns  blue  Titriol  m 
the  crystalline  form, 
reaidunry  roaatcd  matt 
fnscd  in  another  cupola 
Tvith  Eome  ore  cinder,  and 
another  matt  ia  produced 
containing  fifty  to  i^3cty 
per  cent,  of  copper*  and 
enlphureta  of  copper,  iron,  and  silver.  This  concentrated  matt  {ipunrtem)  is 
obtained  in  tho  proportion  of  forty  to  eistty  per  cent,  of  the  roasted  matt 
A  single  furnace  uHl  run  down  from  thirty  to  forty  hundred  weights  of  the 
matt  in  twenty-four  hours. 
The  spnrsteiu  is  mixed  with  a  proportign  of  the  matt  of  the  firat  fhsioni 
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id  six  successive  tmies  in  ft  Idbi,  or  witli  the  expenditurw  of  vorj 
m«  in  the  reverb^ratory  fuTBiice*  as  before  described.  If  done  in 
Id  way.  the  six  rnlcinaticnis  occiapy  about  seven  to  eif^jht  weekfi.  After 
wlcination  in  tlie  rcverberatory  fiimace,  or  after  each  of  the  series  of 
aations  id  ihe  hihiB,  tlio  charge  when  draTvn  is  hxiviated*  for  the  Beparo- 
of  the  soluble  sulphate  of  copper,  a&  bf^fore.  It  is  now  known  as  galirroet> 
ign  bright  red  colotir  and  a  gramilar  CractiurB.  It  couaists  prindpallj 
idde  of  coppcf^  with  some 
Uic  copper*  eotog  iron,  and 

rail  proportion  of  sul- 
It  is  again  mixed  mth 
^nantity  of  slag,  the 
iict  of  former  operadona,  and 
aelted  in  a  smaller  criipota 
Me,  through  which  three  to 

tftiH  of  tho  palirrost  is 
in  tho  twenty-foni*  hours, 
products  ftre  blaok  copper, 
jh  matt  colled  dminstciit, 
■phig.  The  black  copper  is 
Bed  in  the  proportion  of  one 
fcer.  and  the  dimnstcin  in 
MT  one-fii^th.  The  hkck 
mia  toxmd  at  the  bottom  of 
lann,  th«  dimtist«in  over  it, 
tho  elag  on  the  top  of  all. 
Mag  is  sldmmed  off,  the 
Pbf  diiQiistem,  AS  soon  aa 
Gently  solid  from  cooling,  is 
rated,  and  Unftlly  tlie  blftck 
ex  is  taken  off  in  thin  cakofi 
dze  of  the  basin,  produced 
hrowiug  cold  wnter  on  the 
ice,  and  removing  the  cooled 
Ion  vriHx  an  iron  bar ;  the 
ng   and   removals   aro  ra- 
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sd  tintil  the  (Contents  of  the  buein  are  exhanstcd.    A\liile  tlie  one  baaiii 
ing  emptied,  the  other  la  being  filled  from  lite  cupola. 
rhe  black  copper  obtained  from  tho  Wansfeld  copper  scbiata  generally 
dns  silver  in  quantities  varying  from  ^0  to  200  ounces  to  the  ton.    The 
titueata  are  as  follow: — 

Copper 950 

Iron        ......      3'5 

Sulphur -TO 

Antimony,  lUver,  linr,  &o.      .        .        '& 
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TiiB  malt  and  the  slags  are  sorted  and  used  over  vguia  la  the  xahoui 
operations  previnualj  deachbed.  AJtl^otigh  Uie  operattoua  involTcd  in  Iho 
Mansfeld  proc-eBs  are  so  very  dUTereni  in  appearauce  ^m  the  opeiratiosi 
emplaved  in  the  EugEsh  process,  yet  the  principles  are  the  same;  the  oIj- 
ject  in  both  cases  being  to  evolve  by  heat  all  substances  capable  of  being 
vokttili^ed.  at  the  same  time  producing  such  an  oiidfttiqn  of  the  non-rolatila 
constituents  as  will  best  suit  the  conditions  necessary  for  effecting  the  com- 
bination of  them  witli  the  carlbj  matters  present,  so  graduallj — first  &epar«.tiiig 
all  the  earthy  matters  with  Bome  of  the  mctiiJlie  oxides,  then  evolTing  the 
iron  by  briuging  back  Biliceous  matters  to  act  as  the  solvent,  thronghont  the 
whole  series  of  operations  making  the  sulphur,  in  combination  with  tba 
copper,  play  tJie  important  part  of  rendering  the  copper  so  mnch  more  fusible 
than  the  other  metallic  oxides  and  earthy  mattera. — ^tliat  when  they  are  all 
melted  together*  the  siijphuret  of  copper,  by  its  ^eator  sjieciiic  gravity,  fidli 
to  Hie  bottom,  nnd  is  tiius  at  once  permanently  obtained  in  a  separate  con- 
ditiotx  from  atl  the  ^raste  conGtituenl^  of  tlie  original  ore.  Finally,  in  both 
instances  the  means  nro  adopted  for  removing  the  liitherto  useful  sulphuTt 
together  with  any  residuary  traces  of  other  metals.  The  principal  diffeivucea 
in  tlie  operations  are,  tliat  in  tlie  English  process  large  reverheratoTy 
furnaces  are  emptoyeJ,  witliout  nay  mechanical  aid,  in  the  production  of 
the  necessary  licat;  while  in  the  Mausfcid  process,  when  great  beats  ara 
re(^uired,  they  are  obtained  by  the  employment  of  small  cupola  furnaces,  in 
whioh  tlie  heat  is  produced  witli  the  assistance  of  a  bkst.  On  clofl«  com 
parison  of  Uio  processes^  it  is  found  tliat,  i.vhile  the  Mansfeld  process  is 
chu'acterised  by  the  expendittire  of  a  large  amount  of  tiine  and  of  labour, 
with  economy  of  fucL  the  EngUah  process  is  disfinguished  by  great  economy 
of  time  and  labour,  with  a  comparatively  liirge  expenditure  of  fueh  It  does 
not  hence  follow  that  in  either  case  the  one  process  is  to  be  conaadered 
superior  to  tlie  other,  bec^ause  each  is  best  suited  ta  the  locality  and  circum- 
stances under  which  it  ia  conducted.  In  Mansfeld.  economy  of  fuel  is 
a  greater  desideratum  than  that  of  labour  or  of  time;  in  Wal^a,  fuel  is  bo 
cheap  tliat  economy  of  labour  and  of  time  is  of  very  mucli  greater  impoi 

When  the  black  copper  contains  sufficient  silver  to  pay  for  extractioii. 
ia  subjected  to  a  process  of  liquation;   which  consists  in  the  sylliquatio 
or  melting  together  in  a  cupola  furnace  of  the  black  copper,  with  It'ad 
litharget  containing  silver,  in  the  proportion  of  one  part  of  black  copper  wi 
four  parts  of  lead.    As  llie  alloy  is  melted,  it  ia  drawn  off  from  tlie  fumac 
and  cast  in  iron  moulds  into  loaves,  or  large  dishes  tliirty  inches  in  diame 
and  seven  inclic8  thick.    When  tlic  ftiruace  is  charged*  tjie  weight  of  bhic] 
copper  in  sranll  pieces  is  first  put  in  on  the  fuel ;  the  proportion  of  litliar 
or  metnllic  lead  is  then  added,  and  on  it  anotlicr  charge  of  fuel,  consisting 
of  coke  or  charcoal    The  fui^ion  takes  place  rapidly  on  die  blast  being  set 
on,  a  loaf  hein^  cast  away  even*  ten  minutes.     Any  slag  formed  is  skimmed 
off  from  the  basin  or  crucible  into  wldch  t]io  charge  is  run.  before  it  is  ladled 
ont  into  the  moulds.    The  syllifjualion  fiunace  is  a  low  blastfiuTifice  aboul 
four  feet  high,  two  feet  wide  at  the  tnycre^  or  from  front  to  back,  three  fi 
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acrosa  in  tlia  other  direction,  nnd  opcmmg  ah^litly  lil  the  oppcr  part.  The 
tuyere  projects  three  or  four  iiiclies  int]  the  furnace,  havmg  a  downward 
clirt*cUon,  the  bottom  of  the  fumajco  a3opiij|;f  from  the  tiij't'rB  to  the  teftsiiig- 
bole  or  cje  of  Oie  fiirnaco  in  tlie  front  of  it.  The  furnace  is  nenflv  of  tha 
Biime  cohb  true  Lion  as  thttt  aliown  in  Figs,  130  and  MO  iptif^a  ^'jU),  wliich  is 
used  for  tlie  first  snieltinjsf  (>f  tlie  raw  ore.  In  apportiouiiiy  the  mftlciiala  for 
the  charges  for  the  syUiqiintiDU  proceaa.  it  ia  of  ^rent  inipovtauce  to  have 
neither  Uto  much  nor  too  little  lead.  If  too  much  load  bo  used*  it  wiU  causa 
tlin  whol<j  mass  in  tlie  gulDaci]tieiit  oporatiou  of  chqufltion  to  run  down ; 
Tpherens  Uae  object  is  to  wash  out  tbo  sil\'ei'  from  the  copper,  leftviujj  the 
copper  in  a  porous  condition,  retaining  i\\e  original  fomn  of  tho  loaf.  If  an 
iuffnffident  quantity  of  lead  be  employed,  a  portion  of  Uie  silver  wiH  bo  left 
behind.    The  brat  proportions  are  about. — 


Silrcr 
Copper 
Lead  . 


I 
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E*cb  loaf  wiU  weigh  about  .1^  cwt.  603 

The  oH-qufttion  process  ia  contacted  either  in  the  reverberatory  furnace, 

shown  in  the  annexed  Figs.  145  nud  1-10,  or  on  an  open  hearth,  as  sbon^  in 

Fifjs,  1 17  and  li>*.     In  the  reverberatory  farnaco.the  loavea  are 

set  on  edj^e  on  slightly  inclined  plates  of  caatiroii,  aa  seen  at  H. 

The  heat  from  tlio  hro  place  B,  passing  over  Uio  loaves,  causes 

the  raelting  of  the  lead,  which  runs  down  on  tlio  cast  ii*on 

plates,  and    Uionce  into  a 

the  clianibers  G  below, 

•where  a  cliannel  is  pro- 
vided for  conducting  the 

li(]md  metal  into  a  fiiiiN 

able  receiver;  whepf  r  i' 

in  filled  out  into  moulds 

of  a  soitnble  size  for  Hub-  '  "*'■ '  *"'■ 

fieeincnt  operationa  on  the  wgentiferona  fiilvor,  for  the  eitraction  of   tlio 

^ver.  In  tlio  open 
hearth  (Figa.  147  and 
U^),  the  loaves  are 
placed  edgeways  on  tlie 
iron  plated  A,  charcoal 
being  placed  between 
tbctn  ;  and  Uio  space  G 
below  iij  filled  up  witli 
wood  and  charcoal. 
The  Inares  beiog  cov- 
ered M-ith  charcoal,  and 
tho  £je  is  lighted ;   and  a?   the   fuel 

Eiirrounduig  the  loaves  la  cunaomed,  the  lead  is  eliqnated,  falls  down  on 


Fig,  110, 
thiclc  plates  of   iron  hud  over  all 
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the  iron  |ilAteK,  thenc«  into  Uie  ctiambAr  below,  and  on  into  the  iron  basin  B, 
wheni^e  it  is  filled  out  into  tlie  moulda  C. 

Ill  the  large  rercrbenntory  fiirDa<;e,  sixty  Idarea  ite  treated  at  (meei  in 
the  smaller  open  hearth,  only  bix  iitq 
operated  on  fit  one  tiAje.  In  tlie  oli- 
quation  fiLrD[icc,thQ  whole  of  the  silver 
leftd  ia  not  obtainod  from  \hti  copper, 
AB  a  much  Blrongor  licitt  lb  ncceB&ajy 
for  tho  extraction  of  tlie  last  traces  of 
IcRd,  ajid  vdth  it  tlioso  of  silirer.  To 
remove  tlieae.  the  eUqtmted  copper  U 
removed  to  anoUier  fiinmee*  for  tlie 
daniiig  or  eweatiiig  operation.  Tliis 
funiftce  ia  Bufficiently  large  to  talce 
about  It^O  cliqunted  loaves  at  a  time ; 
it  ia  ft  aorl  of  rorerberatorj'  furoace, 
the  fuel  of  uiiich  is  wood,  being  burnt 
iti  flues  under  tlie  sole  on  ivldch  the 
charge  h  laid,  tltc  flame  rising  up 
at  one  end  of  the  fmiince,  passing 
over  the  oharge,  and  tlionce  to  the 


chimney.  Tha  sole  has  a  slight  inclinaUou 
to  carry  off  the  nielUid  lead  tLs  it  fallB  out 
of  tlie  coppei-.  The  heat  is  maintained 
biisldy,  imtil  the  droppings  begin  to  aa- 
anrao  a  reddish  coppery  appearance :  lh«| 
fuel  i3  tlieii  ^vitlidrawn,  and  the  coarse 
coppor  is  taken  ont  and  Ihrown  iiito 
M-ater.  This  operation  tult&s  about  twelve 
hour^ ;  the  coarse  copper  has  Uicu  to  be 
rofincd.  The  process  adopted  in  tbe 
English  smelting  worlvg  hHH  alread)^  been 
described ;  but  ns  many  diirereut  opera- 
tions arc  employed  ehiewhyre  for  lijis 
rijc.  ns.  purpose,  they  here  require  to  be  notifcd- 

In  Geimftuy,  tlie  refining  is  conducted  in  a  chculjir  TeTerber- 
■.lorj-  fni-nacp,  pro\idcd  witli  a  blast,  produced  either  by  a  double 
-^ot  of  bclioTVij,  or,  better  Ktill.  by  cylinders.  The  furnace  ia 
nifldc  sufijeiciitly  large  to  bold  fifty  cv,±  of  coar^  copper  at  a 
The  pieces  of  coarse  copper  are  piled  in  the  furnace  one  over  &nnther«^H 
gonly  BU&cient  room  for  the  current  of  hent^d  ga^cs  pAftsing  t]tix>ng||J^| 


time. 

leiivin 


l^mM 
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Uitr  furoaL'o  fi^om  the  fire-place  ii>  permeate  tlic  mass.  As  soon  ae  tUo 
fihftrging  of  tha  (umnce  is  completed,  it  is  carefully  closed  up.  The  funiEice 
ia  alowlf  heftted,  takijtg  six  houra  to  bring  it  to  a  rod-hoat ;  tliia  eIo\vijPRs  is 
neofissary  only  when  Uie  bed  of  tliu  fornace  hus  been  newly  repaired.  Wiien 
in  regular  coiirae  of  work,  only  two  to  tlircs  liours  are  required  for  tliia 
so.  At  the  end  ot  Uiis  time  the  blast  is  put  on,  the  coarse  capper 
iinlljr  becomes  pH-sty.  tUeu  slowly  liquefies,  mitil  the  wliole  mass  ia 
eltod  in  about  six  hour^  from  the  time  of  setting  on  the  blast.  Dimitg  this 
kime  o  chnrcual  lire  is  kept  up  iu  the  receivLu^::;  basiii*  for  the  purpose  of 
getting  it  sufficiently  hot  to  receive  tlie  liquefied  metnl.  A  pinftll  fire  is 
also  maiotaiD^d  arouud  the  t^ip-holet  Shortly  after  the  charge  is  peiiectly 
fuA&d,  the  worlaug  door  ia  opened,  a  ahovelfiil  or  two  of  moistened  a&hea 
tkte  tlirowD  over  the  surface  of  it  fur  the  pnrpoae  of  chilling  the  slag,  which 
is  then  rcinovcEl  ^nth  au  iron  rako.  The  furnace  13  again  closed.  Tho  slag 
removed  contains — 


Kirpoi 


f  Th 


SUlcii 

.        ,        .        27-5 

Protoiido  of  iron 

679 

Lisutoxidc  of  coppor  . 

20 

AUlmiqa     . 

1-3 

Sulphur     . 

■la 

Iron  ,        .        .        , 

6-8 

9B7 


The  rotining  now  commences.  Tiie  blast  ia  tlirown  down  on  tho  suifaco  of 
Uio  copp<ir,  niid  imniedintel}'  oxidation  commences,  producing  ecoria*  wHieh 
is  removed  from  tlic  surlncc  of  the  metfil  as  it  ia  slowly  formed*  eo  as  to  allow 
of  the  consto^it  action  of  the  aix-  This  opc^ution  continues  fom'  to  live  honrg. 
The  first  scorirt  produced  coaaiats  of — 


Silioa 

I'rotoxi^v  of  irqn     , 

Dt'UtoJLiilc  uf  copper 

Sulphur  . 

AhimiDa 


750 
3-5 

0-2 

4-2 


Tho  secouii  scoria  contains— 


SLlLca 

Prijtpxiile  ol  iron 
Oiide  of  copper 
Sulphur 
Iruu 


9S>4 


2r>'2 

a  6  0 

4  0 
IS 

a-2 

99-7 


When  the  fonnatiou  of  the  scoria  coaoeB,  th«  whole  of  tho  iron  will  Imre 
he/BU  aeparatfidp  and  only  a  Bmalt  qnanttly  of  sulphur  is  loft  in  famhination. 
The  continuous  uction  of  tho  blast  conv^erU  the  fiulphnr  by  oxitlntiun  into 
BnlpUuroiiH  acidv  which  pnssetj  atf  firtit  in  tubbleg,  rising  Ihrougli  tlie  meUiJ 


1.  After  the  first  sldiniiuiig  ofT  the  sooi 

rctl.  spiittod  witli  Mack,  brittle.  l»]iu 
tiiro,  and  contains     . 

2.  An  hour  later,  rough,  dull  red,  spottctl 

yellow,  brittle,  of  a  clearer  red  i 
contains 

3.  Two  hours  later;  surface  mggcd,  r< 

witli  gray,  less  brittle ;  the  fracture 
containing 

4.  At  the  commencement  of  tlic  iiorkhig  c 

rugged,  reddish-violet,  malleable,  anc 

5.  At  the  end  of  the  working ;  mammillat 

malleable,  pure  copper,  red  in  the  fra 
0.  At  the  moment  of  tapping  the  fumi 
taken  is  mammiUatcd,  smooth,  prese 
on  the  sui-faco,  of  a  beautiful  carmii 
bright  blood-red  colour,  sliglitly  niall« 
the  hammer ;  the  fractnre  of  a  imre 
tint  of  carmine,  containing 

When  the  charge  has  attained  the  deg 
furnace  is  tapped,  and  the  liquid  metal  is 
which  have  been  prepared  by  maintaini 
removed  irom  the  surface  of  the  metal  witl 
from  skimming,  the  surface  is  covered  witl 
scintillation  of  very  minute  particles  of  t 
formation,  the  surface  is  cooled  by  blowi 
formed,  a  little  water  is  tlirown  over  it 
sufficiently  thick  cake,  for  removal  to  a 
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much  oxule  or  copper,  it  become*  pusty  aud  of  tao  deep  a  red  colour,  imd  the 
rosotie  LcGoiuus  Wo  tliiok  and  diflicult  of  maiia;jeuitiui  iu  removal.  To  cor- 
rect this  defect,  a  few  pounds  of  lead  are  added ;  tlic  cakes  of  copper  become 
stilficiently  tlijii,  without  its  ductihty  or  mfdleabiHty  being  affected ;  but  its 
Uuacity  is  iujured.  One  thousaudtli  part  of  lead  i&  suiUuieut  to  prevent  the 
copper  being  drftim  into  wire ;  nnd  it  gives  to  tlie  copper  tlio  property  of 
taniishiijg  vtiy  rapidly  in  the  air.  The  nppeiu'ftiice  of  micaoeouB  Bcales  in 
^0  test*  whoii  fractured,  iiidicatcB  the  iireseuoe  of  oude  of  copper  or  of  auti- 
mdiiy.  The  latter  metal  is  derived  priiieipally  fi'oni  the  lead  used  ia  Uio 
syUIq^imtton  process.  As  it  ia  very  ditlscult  to  separate  perfectly,  it  is  of  im- 
portance to  avoid  the  uae  of  hard  lead  coiLtainiiij^  thia  metal,  as  the  copper 
produced  from  it  cannot  he  used  eithur  for  making  sheets  or  i>ire,  being  too 
hard  and  brittle^  and  of  a  yellowiali  colour. 

In  the  cooling  of  the  plates  of  the  rosette  copper,  it  is  necesaary  to  be  Tety 
c&reful  that  tlio  whole  of  the  metal  be  soUdUled  before  it  is  put  iuto  water, 
oa  otherwise  dangerous  explosions  may  occur. 

Bat  1^  small  proportion  of  copper  id  used  without  being  alloyed  with  other 
mfitala ;  as  these  alloys  are  of  great  iuiporlanee  in  the  arts  And  mftxiu&uiitiureBi 
we  Hliall  df^vote  some  space  to  tlicir  consideradou. 

AUoyfl  of  Copprr^ — Copper  iu  the  piuo  state  requires  a  great  heat  for 
its  fusion  ;  and  when  ca&t,  has  a  great  tendency  to  become  porous.  Tliia 
may,  to  u  certain  eKtcut,  bo  obviated  by  the  ujse  of  a  Biuall  quantity  of  plioa- 
phorus,  mixed  iuto  the  pot  of  metal  whea  ready  for  casting,  immediatt-dy 
before  it  is  poured,  TUia  oUbot  is  oIbd  produced  by  the  addition  of  about 
twvper  cent,  of  stmc.  The  metal  is  alsu  too  soft  alone  for  general  purposes ; 
nnd  as,  looreover,  it  is  more  costly  than  must  of  its  alloys,  ivhich  will  for 
common  purposes  generally  serve  equally  ^vell,  if  not  better,  its  use  is 
econoraiKed  as  rnudi  as  possible.  The  principal  aUoys  of  copper  witli  other 
metals  are  aa  follow  :— 


I    tJoiipor, 


Antique  bronzo  sword    .     .     « 

Do.  ftprtnga  ..... 
OroQZG  f^r  ataluoa    .... 

Do.  for  medalfl ..... 

Bo.  forcuiFiDii     .... 

Do.  for  tAmlama  aud  cymbnla 

Do.  for  gilding      .     .     ,     . 

Dj.  du.  ,  .  .  .  . 
Spccultiin  metat  ..... 
Brati  for  sheet  ,  .  .  ,  . 
Oilding  raotol  far  jewellery  . 
Piocbbcck  ,....*. 
Prinuc't  metal 

Do.      do 

Dutch  metA.1   ...... 

Englbh  wjra 

B£uMio  gold    .,,.., 


87ftOO 
9  7 '000 
91-400 
90  000 
&0000 
78  000 
82'267 
80  000 
66  000 
84-700 
72-730 
80000 
75000 
GOOQO 
Si'TOO 
70290 
BQ-OOO 


£lne. 


daso 


17481 

msao 

15  300 
27-270 
30-000 
25-000 
60-000 

ifi-aoo 

29-200 
33-000 


13-000 
3000 

1*700 
10000 
10000 
2-2000 
0-238 
2-500 
33-000 


OIT 


hea4- 


1-370 


0-021 
1-000 


oaa 


NLakel  Anty 


1- 


Tt  ii 


[lliitannia  nn't;il    . 

INitki-l-silvcr,  l-)ni;lis!i 
Do.  raiisinii 

Gcrman-silTer     .     . 


1-ooc 
fio-noo 

GOOOO 
oOOOO 


The  specific  gravity  of  brass  is  grec 
Tarying  from  7*82  to  873;  tlmt  of  copp 
density  of  the  tombac  metal,  compose( 
drawn  into  wire,  has  been  found  as  Iiig 

Brass  was  formerly  manufactured  fi 
or  clippings,  and  the  oxide  of  zinc,  obt; 
or  carbonate  of  zinc,  mixed  together  w 
and  exposed  to  a  strong  white  heat.  By  t 
proportion  tliau  28  of  zinc  with  7:2  of  c< 
duct  being  known  by  tho  French  as  a 
were  required  in  the  compound,  it  was  : 
add  the  proportion  of  zinc  required.  T 
parts  of  calcined  calamine  and  mctaUic 
weights  of  powdered  charcoal. 

In  the  year  1781  a  patent  was  obtainc 
fkctore  of  brass  direct  from  its  mctalhc 
been  still  pursued  until  a  comparatively 
ments  that  hare  been  making  in  tlic  smelt 
metal  has  been  greatly  reduced,  it  has  bi 
make  brass  entirely  and  exclusively  at  t 
Instead  of  the  oxide  of  zinc  of  calamin 
the  calcination  of  blende,  blackjack,  or  si 
employed. 

Brass  is  manufactured  on  the  large  sc 
whose  difltna*""  --   *      ■   ' 
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diatuetet  in  the  clear  b&lovv,  and  two  oud  u  hitif  Izicheei  ubovu.  Theiiu  ^ervfl 
as  draught-lioles  for  aupptyiiig  tKe  air  necessary  for  the  ccinsiuoptiou  of  the 
faeL  pljLced  aroimd  tlie  eight  cmcibloa  equaUy  disit'ibuted  over  the  sole  of  tlie 
fomace.  The  mauLh  of  thi^  fiti'DD<;o  Is  furiLLBUed  with  a  citst-ifon  collar,  and 
10  from  twelve  to  sixteen  iucliea  iii  diameter ;  it  la  iilso  funiiahed  with  a.  fire- 
tile  cov^er.  Several  of  these  furainics  aro  placed  aJdu  by  aide,  so  aa  for  their 
flu£B  to  canimuiiieatc  i^itli  ono  chiomcy.  The  cmdl^loiS  are  best  mftde  of  tlio 
same  qunlity  of  cl«y,  ami  iu  the  same  miuuierT  as  fir  gta&a  maldiiy  ■  tUtjy 
QBOflJly  last  from  a  fortulght  to  thrco  weeJsa,  if  well  tniulc  and  carefully  uscJ. 
They  contain  from  oao  Uutidi^dweight  to  on©  huudredweijijht  aud  it  (jiiaiter 
of  luellcd  biitBs,  EitUer  coal  or  coka  is  used  as  fuel.  AVhen  the  interior  of 
the  furucLce,  witli  Hid  chargo  of  ^-Jnpty  puis,  has)  been  I'aiticd  to  a  red  heat, 
edfh  pot  ia  m  succuasiou  taken  out  of  lUe  fui'aac^e,  Uien  char^^ed  witli  tha 
metal,  and  replaoed.  Tho  furnace  is  fiUod  up  with  fuel,  and  Uic  heat  tnain- 
ttuned  tuitil  the  whole  of  tlie  ohargo  is  perfectly  melted,  which  it  nsually  is 
in  about  three  buuis.  TJie  fused  brass  is  poured  out  into  gi'tuilte  moulds,  or 
into  open  sand,  for  U\&  formation  of  the  ingot^^  to  he  used  for  remclting. 
CkiiiuuonJy  uo  llux  is  euipl^jycd  iu  aasistiug  tho  cnmbiuation  of  the  copper 
and  the  zinc ;  but  in  several  foundries,  tlie  author  a  recu^mmcudatiou  to 
ecDpIoy  soda  ash,  either  aluuc  or  ia  comhinatioA  witli  slacked  Unie,  has  be«n 
adopted  with  advantage,  A  few  ounces  onlj-  of  the  imxture  ia  sufficient  fora 
pot  of  thirty  to  forty  pounds  of  jnetaJ.  Wlien  tlio  metal  is  required  for 
numiug  very  thin  castings,  if,  after  tlie  skironiing  of  the  pot,  half  an  ounce  of 
dry  pUoaphoms  bo  tapidly  Ktirrcd  m,  caatinga  may  be  aucceasfully  run  that 
I70uld  othenviio  have  been  very  halde  to  fail.  The  pliosphonis  causes  the 
meUl  to  become  much  more  Liquid ;  and,  when  cold,  to  attain  a  greater  density* 
ga  indicated  by  its  Bpecilic  gravity,  than  it  ^vould  otherwt^  have  obtained. 
As  coufiiderablc  occumululious  of  tilcimminga,  turning?,  filingfl,  iLc,  take 
plac4)  in  foundrieB,  it  beeon^es  neee&sory  to  reuder  ihem  available.  This 
is  Q^iitiUy  doue  by  wasthinp,  sifting,  Jtc.»  before  filling  in  a  crucible  with 
wU-ftninnm  ur  Gulphate  of  potaiih;  but  very  much  of  this  labour  may  bo 
avoided,  and  better  i-c&ulta  obtamed,  by  at  once  fusing  tho  mixture  with  soda 


Bmsa  id  largely  employed  not  only  for  Uic  taps,  but  also  for  the  oma- 
Jtients  of  giu^'hitiugB.  iSome  of  the&e  ornojuent^  aro  Cniahed  off  iu  the 
tuniiiig-Iathe,  with  the  chisel,  HIg.  and  polishing  tool,  the  fiuiehed  surface 
being  protected  with  a  coloured,  or,  better  still,  witli  the  best  mctah  if  a  gt>ld 
COlOiUf  be  required,  with  a  fine  colourless  Incqaer  made  with  spirits  of  Mine 
and  giuQfi.  Hut  other  portions,  which  will  not  bear  the  cost  of  tooling  for 
biiugiog  lip  tho  Biu-face,  are  oast  wp  to  the  required  form  at  once,  and  thfl 
rofiuired  surface  produced  most  rapidly  and  ingeniously  by  dipping  the  work 
in  a  bath  of  "dipping  acid,"  composed  of  nitiio  acid,  sulphuric  acid,  and 
rauriato  of  ammonia,  or  sal-ammoniac.  The  mixture  should  be  so  Btron^ 
that  only  a  momoutary  dip  should  be  sufScient  to  make  the  object  bright  and 
clear,  however  rough  it  may  have  been.  It  ahould  then  inunodiately  be  well 
washed  in  cold,  and  finally  in  boiling  ^ater.      It  is  sometimes  dried  otT 


Ufi 


la 

witlistaad  tiM  otdiaazj 

From  tlM  hin^ 
ndtrMe  loatof  zine 

hnm,  as  th«  latter  metal'is  imlaHliiiii  at  • 
UtefusiDg-poiiitof  theaDoj;  botftaaSnityoffAatwD: 
It  tack  aa,  with  proper  managiiiiaHil,  imdam  Aa  loaa 

If  the  zine  befint  iiidted,aad  eopperpfaniged  ialail^ 
the  alloj  will  xmmediateljr  eonaeaee,  withovft  tiba  teioi 
Copper  platea  and  rods  an  auMiliiiuM  paxtiallj- 
umply  expoaiiig  them,  at  a  Idi^  tempentim,  to 
zinc.  Copper  veMeb  may  alio  ba  pazlian|y 
tbem  in  diluta  mmialie  add  with  wma  atooe  aigol,  er 
and  an  amalgam  of  zine.  Tha  beat  proportiona  for  fiaa  Ihbib  ^paartoba 
tliuse  of  the  chemicel  eqnivaleBta  of  the  metala^— Tis.  S  coffMf  an  X  1  liM 
auttl,  or  about  two  parts  of  eopper  and  floa  part  of  ana. 

ForroUiDg  into  platea  oreheetB,and  for  drawing  into  wteiitia 
that  the  bnuaihonld  be  made  eulnalTelx  of  copper  and  of  BBo;  In 
metal  for  tondng  pnrpoaes  Is  prodnoed  by  the  admixture  of  ahoot  two  per 
cent,  of  lead.  Brass  laminates  well  in  the  rolling-mill  cold,  as  long  as  it  is 
kept  sufficiently  soft ;  but  as  by  lamination  tlie  metal  hardens  and  beoomea 
brittle,  it  is  necessary  to  restore  its  tenacity  by  annealing  in  an  oven  or  re- 
Terbcratory  furnace.  Tlie  same  process  of  annealing  is  necessary  in  the 
manufacture  of  brass  wire,  ivliich  is  obtained  by  drawing  it  through  holes  in 
steel  X'lates,  polished  carefully  and  adjusted  in  series,  graduated  in  size,  so  as 
not  to  diminish  two  rapidl}',  and  thus  render  it  necessary  to  employ  so  much 
power  for  drawing  as  would  cause  the  breaking  of  tlie  wire. 

Brass  is  not  usually  so  prepared  as  to  admit  of  its  being  hammered  out, 
as  is  done  in  tlie  manufacture  of  copper  utensils ;  but  a  brass-foil  or  Dutch 
metal  of  tlio  colour,  and  approaching  the  tliiuness,  of  gold-leaf,  is  manufac- 
tured by  boating  out  thin  sheets  of  brass  with  hammers  worked  by  water- 
power,  making  MOO  or  400  strokes  per  minute.  Brass  sheathing,  known  as 
Muntz's  metal,  is  now  largely  employed  as  a  substitute  for  copper,  for  cover- 
ing ships'  bottoms ;  a  variety  of  tlie  same  metal  is  also  used  for  drawing  into 
tubes  for  steam  i>ipcs  and  flues  of  locomotive  boilers.  They  are  much  less 
costly  tliou  tlio  copper  tubes  ordinarily  employed  for  these  purposes.  In  all 
tlie  various  white  metallic  alloys  used  for  domestic  utensils — such  as  German 
silwr,  nickel  silver,  britannia  metal,  Ac,  whether  intended  to  be  used  as 
Uioy  are,  or  as  the  basis  for  covering  with  silver  by  electrotype  processes 
—copper  fonns  tlio  most  important  constituent. 
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Symn^ji^s:  Eloiii,  Ft.;  2iim,  Ga\'  Stawnum,  Jupiter,— Ab  it  ia  most 
CSAly  L'btainable  iroLii  the  pure  native  ojddc,  with  the  aid  of  lieat  tuid  chtu- 
Cool  uJoiie,  it  was  eaiij  knu'^^ii  to  Uio  ajicicj)(s.  It  ia  sjjolceji  ol"  by  Moses ;  it 
w»»  obttiiiied  by  the  riiacnidftu&  Aom  Great  Biiioiii,  EUid  ixvm  iSpoin.  It 
much  i-csemMcs  tLlanium  m  its  t-'licitucal  properties,  the  correspoudiiig  com- 
poundB  ai  U^e  two  luctalB  Loing  isomorphoti^. 

Tin  Mluliig. — Tin  ill  its  idmed  state  liaa  a  colour  £uid  lustre  appioach- 
iiig  to  that  uf  fiilver,  but  is  gluwly  tftruiidicd  by  gxpoeuTG  to  tiie  aLiuaaphero. 
It  is  harder  thou  lead,  very  Juallcable,  &nd  niuy  be  kminuttd  uito  foil  ox 
leuyes  of  tin  of  exceeding  thimie&s,  but  coiiuijt  be  diaHii  iiilo  wile.  Kubbed 
0P  otliemlBe  subjocled  to  Mction,  it  eiliolta  a  peculiar  odtiur,  and  coiucium' 
catea  to  the  tongue  on  impleoHOiit  taatQ.  lioiia  ur  titi'ipB  of  piu'o  tin  uxa  dc>dble, 
but  devoid  of  elaslicitj'' :  tbc  bending  of  thick  bora  pruduee$  a  crtiokliDg 
BOiiiid>  as  if  Jibi'ca  of  metal  ivere  boiiig  sliddeii  over  each  ^ther — ^probal4y 
ovcafiioxitd  by  the  disturbrmce  of  tlie  euustitueiit,  cr)  stals. 

Aocordiog  to  Ku^ilTcr,  tiii  luell*  at  44U' ;  Ciichtcm  mukea  it  4 12"  i*ah,  la 
dose  vcbscIb  it  betiiB  high  Icujpemtures  withuut  vyJutiiUaliuu  ur  eeuaiblo 
loss,  ll  boila  at  a  'iihite  boat ;  ils  spetihc  gravity  ia  V'SUl,  but  may  be  in- 
crensed  to  7-30a  by  cojideusation  of  tJie  parliclee. 

Honted  to  rediieea  in  cocttact  wilJi  atmospheric  uir  or  Cr^v  oxygen,  it  losea 

motjiliic  hLStre*  rapid!}'  pus&izig  into  the  ^"rj  protoxide  ;  by  coiitiatdng 

opexutLOD,  the  tin  abBorb^  a  furUicr  ctiuiToIent  of  o£jgeii» oud  ie  converted 
to  &  yelloivish-ivbite  povder,  the  peroxide,  more  coiniuaniy  t<;i'med  *'  pully" 
of  Lin.  TlJe  protoxide  cousists  of  tin  8704.  oxygen  )aaO  =iUUUU;  Lhe 
peroxide  of  tin  'it^Hi ,  and  oiygeii  2]  ii'J  =.  10000,  In  ils  pure  filate»  tin  ia 
fiearcciy  acted  upon  by  dilute  neids  und  reagents,  J*itrie  ocjd  of  modeml© 
Btreii^^'Hi  acta  upon  it ;  not  dissolving  it,  but  converting  it  into  a  \>  hite  powder^ 
witli  energetic  action  and  ovolutioii  of  heat- 

The  apphcations  of  tbc  metal  in  tiie  ai'ts  are  exceediugly  numerous.    The 
tinning  ol  iron  plates  and  LoUow  ware  goods,  generally  for  dumcAtic  pUj-poscB, 
IB  out*  important  application.     lironze  imd  gun  metal  owe  much  oi  their 
^iluabjf!  pruperticB  lo  ila  presence.     tynibnJs,  Chinese  gongs,  and  bella^  arti 
pendent  on  the  presence  of  tin  fu'  tlieir  peculiar  tones,    UvUectora  ol  ttJe- 

pra,  and  tlio  stoiidard  meaeures  used  Ly  Government,  aru  mode  of  an 
Alloy  in  wbieU  tin  largely  enters.  Imitation  gold,  britunnia  nvetul  warcs^ 
common  pewter,  and  a  number  of  minor  alloys,  are  produced  wiUt  its  ogsib- 
tancc.  holders  form  an  important  feaiuro  in  the  uaea  of  tin ;  plumber  a 
Bolder,  tinnian'Ei  solder,  i^cirter  ^Idor.  and  other  ejmihir  applieationsi  of  the 


i^< 


Tin  Oxea. — The  liiumn  oros  of  tin  are 
Btono  :  nnd  lin  pviitcs.     Thu  p(roxi(U'  of  ti] 
massivo,  itbrous,  gnmuliir,  and  crvhtallizcc 
brown  to  lilack  :  and  in  tlie  Mount's  Bay,  ( 
met  with,  in  mhite,  translucent,  glassy  crybl 
The  oxide  of  tin  belongs  almost  exclusiy 
mountains,  but  not  to  the  oldest  granite 
pockets,  or  bunches ;  a  continuous  well  d 
fireqnent  mode  of  occurrence.  It  is  disscn: 
granite,  but  in  too  small  quantities  for  worl 
scale.    The  reins  are  of  various  description: 
occurring  in  thin  flat  masses  or  floors,  pa 
apparently  without  connection  with  the  adja 
are  often  numerous,  and  at  their  junction  < 
paying  deposit  of  ore. 

Tin  pyrites  (sulphuret  of  tin)  occurs  ma« 
white,  or  yellow,  and  buff :  at  times  specim 
e<donr8  irregularly.  Its  fracture  is  granuli 
choidal  of  a  shining  lustre.  Composition 
^nr  26  =  100. 

The  peroxide  of  tin  is  the  only  ore  of  1 
€k>mwall  tlie  largest  mines  are  in  the  neighl 
Helston,  St.  Ives,  and  Penzance  in  the  wc 
Small  quantities  are  mined  near  Tavisto 
celebrated  mines  are  Wheal  Vor,  near  Helsl 
Polgooth,  near  St.  Austle;  Drake  Walls,  i 
Bide  of  the  Tamar ;  and  Birch  Tor,  or  VitiJ 
the  eastern  side  in  Devonshire.  Some  of 
from  the  most  remote  antimiifv    >^"-""  ^- 
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or«;  and  looking  at  the  known  &tautuferQu&  cLaiacUr  of  Uio  Auatralku 
Alpine  cliain.  tJicre  is  reason  ta  heh&ve  that  in  a  few  ycoa  the  supply  of  tin 
frara  that  coDtinent  will  mut^iiftUy  affect  tho  proBpeiitj  of  the  CoiTiwall 
mines. 

Sulphiirct  of  tin  has  been  worked  near  Si.  Agnes,  Ile^lnitli,  Canstantine, 
St.  Austlt\  nnd  other  places,  in  vcrj  liuiited  quuutiLica.  It  is  probable  iLat 
fatrUre  reeearchea  into  the  constitnentfi  of  apporeutly  worthkss  subBtimoes 
will  Dpen  up  other  sources  of  obtaiuingtin, 

JCinlTig  of  Tin  Orel. — Tliis  is  ]>erformcd  in  nearly  the  eftnua  inauner  as 
for  copper  ores.  The  description  tliere  given  of  tho  inodo  of  sinking  shafts, 
driving  lercls,  winzefi,  and  otli&r  dead-work  op^mtiouB;  exti'a(;tiDg  the  ore, 
tlie  modes  of  ascending  and  desceiuliug  tlie  niincR,  nheence  uf  voutiioiioa, 
drat^Tng  the  orc9»  nnd  drajnirg  t]jc  d*ep  ^orkiuga  of  water,  applies  equaUj 
to  tin  mines,  mid,  it  may  bo  fkdded.  to  lead  also.  At  the  aurface^  the  dressing 
of  lin  ores  for  sale  is  conducted  on  tlie  fiaraa  principk\  but  in  a  different 
nuumer  from  ihnt  pursued  tvith  copper  ores. 

CUanhuj  Tin  Ore*  is  commenced  at  tho  snrfacOr  by  breaking  the  Btonea 
and  separating  tiie  product  of  tko  mine  into  heaps  of  dilfereut  qualities, 
■coordiuff  to  tlio  richuesa  of  the  tin  ore,  or  tEio  nutura  of  the  gan^Tio.  If 
merely  of  stony  muttert  the  ore  is  divided  iiito  tivo  oy  tlircc  qualities*  accord- 
ing to  their  apparent  lichuess,  in  order  to  diminish  the  ii>.ss  in  dre&!i<ii]g ;  but 
Biioh  u  contain  copper,  pyrites,  and  some  other  substani^c.^,  oro  placed  in  a 
■«parata  division,  to  he  dressed  tipart  from  tlie  others.  Ores  contalniug 
frolfmm  require  Bpociol  treatmeat  for  tke  eliniiwlaon  of  tho  tin  i^hich  they 
contain. 

The  first  operntion  to  which  tlie  ores  are  eubjocted  'm  the  stanipiJig-  The 
stnmpLDg  mill  l3  an  appiiratus  in  constant  requisition  in  tin  mincfi.  It  con- 
n«ta  essentially  uf  a  number  of  caAl^iron  pestles,  measnriJig  twenty  incites 
high,  and  six  inches  by  ten  in  ihe  beating  face,  Eocni-ed  by  ea&tiiigs  or  keys 
to  a  narrow  wrought-iron  ahonk,  or  by  sockets  to  a  wooden  slalk.  In  its  vcr- 
tieal  movement  the  shank  carries  on  its  upper  part  a  projecting-urm,  and  at 
bottom  nnd  top  is  ^ided  by  suilable  metal  or  wooden  suppoiis.  A  reToWiug 
shaft  is  in  front,  armed  witlj  four  or  five  j»rojocting  coma,  each  of  which 
calches  in  the  nun,  Hnd  lifLiDg  the  pesllu  eight  or  ten  inches,  lets  it  suddeoly 
fttll  on  any  suhslance  uuderucaih.  The  bard  tiu-stone  rapidlj'  wears  away 
tlic  inctui  of  the  bcntin^^bcad ;  and  to  compensate  for  the  ^hortetiing  going 
on,  tliC  projectitig-arm  is  construdrd  lliat  it  may  he  elidden  up  or  down. 
to  meet  the  wenr  of  tlie  pestle,  or  otJier  irregularity.  The  bottom  on  which 
it  works  is  formed  by  allowing  it  to  stump  for  a  short  time  dry  or  hard  stoneSi 
or  o liter  similar  material. 

Aroond  four  pesLlea  a  wooden  box  la  constructedt  and  covered  in  at  top 
to  meet  the  loTVcr  guides  of  tho  sljanks.  Die  sides  of  this  box  are  continued 
upwards  to  carry  top-guideB»  and  to  steady  this  portion  of  tho  nppamtiis  in 
th«  rear.  The  back  is  partly  open  at  the  bottom  to  admit  tho  tin  stnfT.  In 
front  two,  and  on  each  bIJc  one  orjfic-e,  seven  or  eight  inches  square,  are  cut 
out  of  the  wood  Dear  the  bottom,  nnd  fitted  with  cast  iron  frnmeH,  containing 
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perfoi-ated  ijro«i  copper*  or  brass  plates,  tbo  Lbt  of  the  punch  or  drill  towards 
the  inaide.  As  a  precatitlon  ngamst  ita  speedy  deBtmcdon  by  Uie  -violently 
scattered  fragments  of  stone^  the  ingide  of  the  box  is  partially  lined  ivith 
iion  plfites- 

Tiit-stQiie  is  eijppljed  on  an  incited  plane  or  hopper  at  the  back,  where 
also  a  small  Etream  of  water  enters  the  box.  Tlie  product  of  the  etaraping 
is  received  in  front  and  at  the  sides  into  wooden  channels,  ond  directed  to 
the  dressing  floors. 

With  iiattT-poiver^  the  number  of  heads  la  limited  by  the  qtiantity  of 
water  and  fidl :  three  is  the  least  nujuher  used,  but  four  or  eome  of  its  mul- 
tiples Ls  a  preferable  number.  If  steam-power  is  used,  the  nnmher  of  heads 
or  pestles  driven  ia  Umited  only  by  tlie  re'iuirDmeiits  of  the  niine ;  in  some 
productive  tin  mines  twenty-four  ojre  employed,  while  in  others  ninety  six  are 
kept  at  work  day  and  night  lliroiighont  the  wee!?.  The  employment  of  steam- 
power,  however,  necessitatea  the  ndoplioa  of  mechauisGOt  for  preventing 
injury  to  the  Btamping  opparataa,  by  an  aecidc-ntal  reversal  of  the  motion 
given  to  tlie  alioft  carrj-iiig  the  projecting  cams.  A  side-'view  of  tlie  safety 
coupling  invanably  attached  to  the  end  of  the  craidf-shaft  of  each  steam- 


engine  used  for  driving  a  stamping  mill  ia  given  in  Fig.  140.  By  means  of 
the  catch-levers  in  the  part  atlaclied  to  tlic  crank-shaft,  acting  on  tlie  teeth  of 
(he  other  part  to  which  is  eonnected  the  axle  cELrr^'ing  the  cams,  motion  is 
communicated  to  the  latter  only  when  the  engine-shalt  revolves  in  thtj  proper 
direction. 

AVhcn  iu  action,  tlie  pestlea,  or  stamp-heads  as  they  are  commonly  eaUed 
by  the  miner,  are  elevated  forty  to  eighty  times  per  minute.  The  ilistance 
tliryugh  which  they  are  elevated  \*ariea  in  dilTcTent  stamping  mills,  as  also  In 
the  snmc  mill,  througli  variation  in  the  lenfTth  of  tlic  stamp-head  fri>m  tha 
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lifUag  arm.  Ten  inches  may  be  considered  ati  esLtrcmo  lift ;  seven  inches  a 
ralniiQum.  Tlte  repeated  bloTrs  of  the  pestle-head  crushes  the  ore  to  frag- 
ments; Kad  reacting  on  it  iiU  reduced  to  a  powder  sufficiently  iiuc  to  pass 
tliroitgh  the  perfortLtions  of  the  iron  plate,  violently  ejecta  it  wiLli  the  water. 
The  pill  vernation  in  greatly  fadUtated  by  having  four  pestlea  in  the  Bfime 
bo<x,  placed  side  by  side,  and  no  more  than  two  or  two  and  iv  half  inches 
apart.  Each  pestle  is  lifted  separately ;  and  tlie  caraa  by  wldch  this  13  done 
are  so  disposed  on  the  periphery  of  the  axle  that  tlie  blows  are  given  in 
rt^golar  auccesaion,  so  long  as  the  apparatus  is  in  regular  motion.  If  thd 
mill  confiists  of  more  than  four  pestles,  tlie  cams  of  the  entire  niuubei',  how- 
CTcr  lar^e.  are  ^o  accurately  disposed  on  the  axle  tbat  no  tvro  pestles  of  a 
mill  of  ninety  six  can  fall  at  the  same  instant.  Much  diiference  of  opinion 
prevail  as  to  the  order  in  which  ttie  lifting  of  four  in  one  box  shotdd  tiike 
pkoe ;  wht^ther  one  of  the  inner  pestles  should  precede  the  other,  or  whetlier 
a  side  pestle  should  be  first  lifted,  A  preference,  however,  scenifi  to  be  given 
to  the  follo^Dg  order,  supposing  tlie  spectatoi:  to  stand  in  &Qnt  of  a  fuur- 
peatle  battery  '. — Left  side  pestle  first,  right  aide  second,  right  middle  third, 
left  middle  last.  Long;  experience  has  demonstrated  that  the  stamping  is 
beat  performed  ivith  tliis  order  of  lifting.  Scattered  by  the  blow  of  one  pestle 
under  the  paitiwily  lifted  adjoining  pestles,  the  tin-stoiie  which  enters  tlio 
back  of  the  box  la  subjected  to  from  100  to  320  blows  per  iuinnte,from  pesUes 
weighing  between  tiUO  fl-Utl  4IMHba.  eiich  when  netv. 

The  small  lioles  in  the  stajups-gntie  sdlow  tlie  ore  to  pass  only  when 
reduced  to  a  fine  srind.  At  six  or  eight  feet  fiom  the  perforated  plates,  in  frontj 
ore  two  large  cisterns,  eighteen  or  twenty  inches  wide,  ten  or  twelve  deep, 
and  haTJng  nearly  this  quantity  of  dcchiLation  in  a  length  of  fifteen  or  sixteen 
feet.  These  ciatema  are  connected  wilh  tho  hatterj'  by  cliftmiels  and  sniall 
eluic^'gales,  by  means  of  "wliich  tit©  entire  product  may  he  conveyed  to  one 
cistern  while  the  otlier  ia  being  emfitied  of  its  nccmaulutions.  From  the 
lower  ends  of  tlic  cistoms  the  minerahzed  water  runs  into  a  common  rhnnuoU 
to  nn  e^icavation  in  tho  ground  known  oa  the  "'  slune  pit, '  where  it  deposits 
mncli  of  the  slimy  matter  in  fiolution.  A  seeond  slime  pit  is  kept  in  reserve* 
to  ho  used  wliilst  the  otlier  is  being  emptied.  If  tlio  mill  is  a  lai'gc  one,  thero 
will  be  a  slime  pit  for  every  eight  or  ten  peatlea,  II  the  water  fitill  contain  g 
a  notable  quantity  of  aolid  matter,  it  is  passed  into  otljcr  jiita  till  nearly  the 
whole  has  been  deposited.  The  water  of  exteuaive  mines  is  commonly 
charged  with  stanniferoua  matter  for  a  confliderable  ilistauce  from  the  worfcs; 
and  numerous  streamers  purchaso  of  tlie  mine-owner  the  privilege  of  extract> 
ing  ench  portions  as  they  maybe  able  to  do  witli  their  rude  apparfttus— thoBO 
nearest  tlie  works  paying  the  heaviest  royalty. 

In  tlu' long  cisterns,  Uio  jtmglifi  or  coarse  particles  of  the  ore  a^edepoEited^ 
tlie  largest  and  heaviest  at  tlie  head  of  the  cistern, — tlie  valuer  of  tin;  dtjiosit 
bdng  nearly  in  an  inverse  ratio  to  its  tUstaiice  from  tlie  entrance  of  the  oro 
and  water  The  contend  of  the  cistern  arc  di^'ided  into  tbree ;  and  tlie 
treatment  of  the  several  portions,  though  varying  to  some  exU.*)it  tritJi  tlie 
character  of  t!ie  ore  reduced,  and  local  usagCi  may  be  dcembed  as  folloii'a :— 
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Tiie  up^>ur  iMirtion  J8  feslMB  is  bitiTows  to  n  biidtUe  of  the  oidiuiLr}'  descriplion, 
and  passed  through  vith  peat  ciure.  It  constats  of  a  recttuigiilai'  cistem 
m&do  of  wood  plnnk.  (?LgUt  feet  long,  four  feet  wiiXq^  and  two  feet  deep^ 
declimng  about  one  incli  in  the  foot  Lmeal.  At  the  loivef  end  a  aeries  of  phig- 
Jjolea  arc  drilled,  tu  It^t  out  th^  water  used  hi  the  process  tit  £uch  levels  as  the 
height  of  the  coiiti^rUa  may  require.  The  ore  is  delivered  into  a.  hijid  of 
shoUovv  hopperj  ton  or  twelve  inches  ■wide,  grated  in  front,  and  is  washt:d 
down  by  a  small  oiirrunt  yf  water  to  the  head  of  the  huddle*  H'here  R  nuaihejp] 
of  small  spreading  Icilj^ea  di\"ide  it  into  twentj  or  tliii'ty  niinuto  streania. 
Entering  at  so  mauy  places  iii  the  hcad^bonrd,  the  small  etreams  join  in  the 
descent,  and  form  a  broad  flo^vmg  sheet  over  the  entire  bottom  of  tlio  huddle. 
The  heaviest  particlos  of  ore  arc  left  fit  tho  head  of  the  sloping  bottom  ;  and 
tliiB  order  continues  (ill  the  eisterii  U  liUcd.  Cai-e  is  taken  tliat  uo  irr^u- 
Iftrity  occurs  in  the  inU^nsity  of  the  stream  iu  any  ouo  part.  The  formation 
of  furrows^  which  would  miUtji,t©  against  the  corr&ctuess  of  the  resnltfi,  ia^ 
preventisd  by  a  free  usti  of  the  hniah  or  featlier  iu  the  handfl  of  tJie  boj 
Attendant.  Wieu  tilled,  tlio  leujflh  of  the  cistem  is  divided  into  two  or  more ' 
portions,  tlie  li'L'nLLueiit  of  ^vhicli  vai'icsi  but  commonly  the  head  is  pasMd 
throujLjU  tilt)  "  tosaing  "  or  "  chinuniui^  "  proceaa. 

The  tossing  tub,  ov  "  kiove/'  consists  of  a  «tont  wooden  vat.  boimd  ajroutid 
with  iruu  Jioops,  of  a  capacity  rtiui^ig  from  H)0  to  150  gallons.  ■Water  h 
thrown  into  it.  and  a  quantity  of  ore  added.  With  on  iron  tiliovel,  a  nino  iiire 
tlie  mixture  as  the  oro  i»  huijig  thro\^ii  iu>  and  for  five  or  six  minutes  nihse- 
quently;  a  sliglit  snhsidenec  having  taken  place,  he  hnles  out  a  email 
quantity  of  water,  and  fuc  LUtatos  the  further  subajdence  of  the  ore  by  '*  paok- 
ing  "  the  kieve.  Tliia  consists  in  strikiuff  Us  Bides  ^^■ith.  a.  hammer  for  tune 
or  ten  luinntt^a.  The  denser  parts  subside  most  rapidl}*,  tlie  larger  partidcfl 
liifit  and  the  li|;fhefit  lust  of  aU.  After  complete  subsidence,  tho  water  la 
draLned  otT,  and  tlxe  mlnernl  is  fonnd  occup^'ing  distinct  Inycrs,  as  in  tlio 
aectiou ;  the  ujipermost  is  thrown  out  as  being  of  little  value,  hut  it  is  £osne^ 
times  re  drcssiiil ;  tlie  next  is  reBcr\'ed  for  furtljer  washing ;  while  tXic  bottom] 
h^ver,  witli  the  exception,  perhnxis,  of  a  Rmall  portiou  of  coarse  particles  in' 
the  centre,  is  considered  clean  ore,  or,  if  idloyed  with  pyrites  or  otlier  metallic] 
ores,  fts  **  tin  witts  "  fit  for  the  calcining  process. 

Rerertinf;  to  tho  contents  of  the  long  cistern  in  fi'ont  of  the  mill,  the  cen' 
tral  portiou  is  delivered  into  n  wooden  trough  immediately  over  tlie  miincii 
and  wiiflhed  by  a  smflJI  strt^atn  of  water  direct  to  the  drctUor  huddle,  foi 
undergoing  tlie  btiddliitg  proeeHS  on  a  large  scale,  in  a  leas  expensive  moiinei 
lha»  tko  richer  dopoeit.  The  lower  division,  or  "  Lnilinga,"  of  ilic  cistcjn  ii 
lifted  into  a  siniihir  trough,  tind  washed  to  otlier  circular  buddies,  lo  tutderg< 
an  additiouiJ  washing  over  the  centrnl  deposit.  "When  brought  to  llic  n 
quired  etnndiird  by  repeated  wasliingB,  wiLli  rejectioii  of  Uto  wortJiless  tailings, 
tho  ridicBt  ore  is  trauHfeiTcd  to  tlie  rectangular  huddle,  oud  fi"oin  thcnci 
tlirou^^h  the  tDSsing  tub,  from  wlienco  it  emerges  as  "  tin  witts/'  in  tho  saiui 
manner  as  the  richest  division  of  tlie  long  cistcin,  The  circular  huddle  U 
fully  desodlKfd  ond  itlustrat<?d  under  tlio  drcaeing  of  copper  orea. 
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The  contents  of  tlio  slime-pit  or©  delivered  into  tUe  lioad  of  tnmiing  boxes, 
ftnd  subjected  l^  the  trunMng  process.  Tlio  (making  box  conaists  of  a  Icjog 
flloping  cistern,  with  a  division  across  its  upp^r  end,  fonning  a.  BUiaii  quad- 
rHngnlar  cistenip  in  which  the  ore  slime  and  ^vater  are  delivcrod.  A  pfuldle 
alowly  vibi^tes  in  the  square  cistern,  Tvhich  agitates  tlie  mijt- 
tnrer  and  at  each  sti'oke  diacliarges  a  small  quantity  into 
the  sloping  trunk  cistem.  Here  it  is  caused  to  Oo^ 
CTenly  oTer  the  »iir- 
fttoe,  depositing  iho 
heavier  parll<?1e3 
near  the  paddlCt 
and  the  Usb  valu- 
able lower  down. 
The  process  is  con- 
tinu^d  till   a  auIR-  Hr-iw* 

cieiit  deptli  of  mineral  bfta  accumiilated  in  the  cistern,  when  U10  further 
odmiflaion  of  tha  mixture  is  prevented,  and  the  quantity  treated  removed. 
The  head,  or  Biiiienor  portion  of  tlie  trunk,  is  delivered  to  the  "racking- 
tables ;"  the  middle  is  again  trunked,  while  llie  tailings  are  diachorged  as 
ueairly  'worthless. 

Tlie  raeking-table  (^"Fig.  150)  eonaiata  of  a  wooden  table,  declining  dx 
cs  in  H  lenfjth  of  nine  feet,  and  furnished  with  shallow  l>cvelcd  flanchcs 

a  frame  ;  at  the  bottom  a  narrow  space  intervenes  between  the  table  and 
Q.anoh,  It  is  mipportPtl  on  a  frame  work  or  posts,  two  and  a-half  or  three 
feet  high,  by  eetilre  pivots  on  which  it  freely  turns.  The  head  ol  tlie  table 
receives  the  mixture  of  ore  and  water  over  a  sloping  board,  leather -hinged, 
to  admit  of  the  table  vibrating,  f^ntlenieath,  on  the  floor,  the  length  of  the 
table  is  divided  iuto  three  by  boxes  or  troughs. 

lu  operating  with  tlie  racking-table,  tlio  slimy  ore»  to  the  extent  of  twelvo 
0T  fifteen  pouiLds,  is  placed  at  the  ^xed  head,  and  waehed  do\m  oyer  the 
liiQge-board  I0  tlie  fable.  Here  tlie  attendant,  ^ith  a  solid  rake  or  hard 
brush.  distriltutcR  it«t|Eia11y  nv^r  the  head;  the  riehest  particles  remain  an 
the  highest  part  of  (lie  tahlct  by  virtue  of  their  greater  specific  gravity,  the 
alimy  water  escaping  through  the  narrow  Blit  at  the  bottom  into  a  gutter. 
When  the  chm-gu  of  ore  hafj  bcpn  thoroughly  racked,  (he  tftble  ia  tunied  on 
edge,  and  the  deposit  on  its  Hurface  w'ns}]i.>d  into  the  vessels  unilemeath. 
The  cont*"nta  of  these  i^'ill  vary  in  c|unJity ;  tbo  npper  box  may  contain  clean 
ore,  bul  more  frequentlj*  it  is  again  rnf  Ited,  and  then  srnl  to  the  tossing-tub. 
The  ore  in  tlie  middle  box  will  be  waslicd  once,  and  Uie  lower  box  twice  or 
tUt«e  times,  [wfore  going  to  tJic  toseing  process. 

It  is  tt)  bo  obsen-ed  that  in  oU  llie  proceRRRS  used  in  the  dreftsing  of  tin 
ores,  the  diBtingntshing  feature  is  the  advnntnge  taken  of  the  great  epecifio 
gnivily  fahoul  6  (l*)|  of  the  oxide  of  tin  to  cflect  its  sepantUou  from  other 
subsUncos  by  Btibsidence  in  water.  This  is  tlie  prindplc  pursued  alike  wiUi 
•tnmpv.  cistern,  bnddlo,  trunk,  tosaingtub.  and  racking-table.  By  stamping 
the  ore  to  a  fiue  powder*  and  eutspending  it  in  water*  it  is  obvious  tliat  the 
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heavier  particles  will  di^scend  mnst  rapidly,  &Dd  be  found  collected  at  tbe 
bottom.  Assuming  tbuL  Q%ido  of  Cm  is  the  hea^^Krst  ingrediunt,  its  seporRtion 
aeems  m  very  Bimplc  process  :  the  piirticles  subsiding  lirst  will  naturally  be 
richest  in  tin ;  but  it  is  e^jtmlly  probable  that  ia  the  supet-mcumbent  strftt^ 
therti  yet  remains  a  larga  proportion  oS  the  whole.  With  the  exoeptloti 
Uie  top  sLratutn,  those  are  again,  washed,  for  the  further  ^epoj^tion  of  o^ddA.^ 
Yet,  after  passing  and  rcpassiog  tlirough  the  several  processes  deseribod,  it^ 
19  qtiesUonivbIc  if  more  Iknti  fifty  per  coot,  of  the  tin  oxide  in  the  ore  tre&tfid 
is  recovovod.  Ihe  remaining  fifty  per  cent,  being  lost, 

Thi5  may  appear  a  hiy;ii  estimate  of  loss ;  but  on  reviewinj?  the  wLole  of, 
the  dressing  process,  it  min^t  he  evident  that,  thongh  conducted  on  loujf*' 
established  ajul  siniplo  principles,  a  moiety*  at  least,  of  Uio  tiit  ia  lost-  The 
principle  of  dressing  by  subsidence  in  water  is  fanUy.  inasmneh  as  it  pro- 
ceeds on  tlie  asaumptiou  that  nl'ler  stamping,  tlio  oxlcb  of  tin  exists  as  oleflii, 
iiidepi^tijent  grains,  in  a  mixture  consisting  essentially  of  sand.  In  many 
mines  the  Liii  oside  ia  to  Uie  stony  mutter  as  S  to  lOi).  Noiv,  looking  at  the 
maimer  in  wliich  the  two  nro  combined,  we  may  conclude  that  while  t)ie 
stamping  resu!ta  iu  a  number  of  p&rticles  of  oxide  of  tin  nearly  free  from 
gaugue,  a  far  greater  number  will  consi±it  of  stony  matter  with  a  smull  alloy 
of  tin.  When  subjected  to  the  subsidence  process,  the  great  apecifio  gravit/! 
of  the  former  results  in  their  immediate  separation  nnd  eolleetioit,  and  th«' 
next  heaviest  par  deles  will  be  Bimilaily  collected;  but  the  largest  quantity  iS' 
dischoLrgcd  as  wortlilesa,  becanso  i;>f  its  lifjhtness,  when,  owing  to  ita  beinfl  in. 
jrrealer  quantity,  it  ia  capable  of  Qbatracting  a  moiety  of  the  tin  oxide,  AMiila 
the  defects  of  the  present  system  of  dressing  tin  ore^  are  admitted  by  manj 
intelligent  miners,  a  remedy  which  shall  enable  a  larger  per-centage  of  the' 
oxide  to  be  recoveredp  is  a  deaideratum  which  hnproTements  in  metallorgy 
alone  con  supply. 

Jn  Tt'vy  many  instances,  witli  great  ndvonlage.  tlie  stmnpa  may  be  almoA, 
if  not  entirely,  substituted  by  the  employment  of  the  crualier.  of  precisely  the 
same  foi-m  as  that  described  fu>r  the  treivtmeut  of  copper  ores,  llie  cmshinR 
ia  effected  with  much  greater  mpidity  by  the  cmsJior  than  by  the  Htftmps,  and 
at  much  less  cost ;  but  little  attention  has  as  yet  been  dcToled  to  this  subject, 
and  it  ia  curious  to  observe  among  tin-miners  tlie  sLraiige  notion  thoy  haTe 
that  tlie  crusher  eannot  do  for  tin  stuff  wlaat  it  T\ill  do  for  copper  stuff, 
although  they  may  wont  predsely  the  same  sort  of  effect  to  bo  prodoeed. 
Much  tin  stuiT  congiata  principally  of  white,  hard,  and  brittle  quartz,  inter- 
spcr.sed  with  black  oxide  of  tin  in  solid  compact  masses.  The  crusher  pro- 
duces a  )icculiar]y  desirable  effect  on  such  orea  by  cracking  off  the  quartz 
from  the  tiji.  leaving  the  tin  iw  large  coarse  grains,  which,  when  tlio  other 
earthy  and  metallic  refuse  matters  have  been  dressed,  ore  left  extremely  rich 
in  the  form  known  aa  "jigged  tin,"  That  which  has  been  by  the  some  opera- 
tion cnished  smaller  is  extracted  og  fluran,  and  the  remainder  separated  a$ 
smalLs  and  shmes.  The  cmahcr  was  first  introduced  at  Drake  Walla  Mine, 
and  its  use  has  now  been  maintained  for  many  years  witJi  great  advanbige. 
In  other  mines  a  large  proportion  of  tlie  Lin  oxide  is  in  a  rery  finely  divided 
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state,  diBBeuunatod  througliout  masses  of  ind  orated  elate  orcapol;  and  the 
miner  ^tUI  commonly  ftSBert  that  tUe  crualier  cannot  with  such  tin  stuff  bo 
a&ed  vritb  advantage,  He  is,  however,  lai^taken ;  for  with  the  proper  use  of 
a  oruaher  BuitAbl^'  arranged,  tlie  work  of  the  stamps  can  bo  more  efficiently 
done,  with  great*^  rapidit5%  and  at  much  1«S3  cost.  This  matter  i&  of  ira- 
portfincfi,  not  merely  becauae  tho  work  is  done  at  less  cost,  but  that  much 
tin  stuff  now  rojected,  because  not  rich  enough  to  pa)'  the  cost  of  stamping, 
would  othonvlae  be  worked 
over  with  conaidorable  ad* 
vantage. 

Greatly  improved  devel- 
opments of  tin  mines  aro 
to  be  anticipated  Cr<,^m  ihQ 
direction  of  greater  atten- 
tion to  the  use  and  proper 
nnftnagement  of  tho  crush 
ingmill 

The  oxide  is  frcqnently 
eontaminated  viith  copper  pyrites,  arsenic,  aud  other  substanccB.     'When 
this  ia  the  <»iLse  the  "  tin  witta'*  i^  subjected  to  a  calcining  procogs  in  a  ro- 

vorberatory  furnace.  Fig.  151  13  a 
sectional  olevalinUt  OJid  FJg.  102  a 
seetioual  plan  of  tlie  furnace  em- 
ployed. The  diiiieusioiia  and  form 
vary  with  ditFereat  builders;  but 
the  general  prmciple  is  tlie  aams  In 
all  burning  liDus^K.  The  furnace 
i-.  built  of  atone,  lined  t]uro«ghout 
tlifl  interinr  ^ilh  fire-brick,  and  fur- 
nished with  a  workittg-b4>ltom  of  the 
same  material,  A  narrow  iiro-plaee 
at  one  end  oommunicatea  for  Its 
entire  kngth  with  the  rear  end  of  the  chamber  of  the  furnace,  which  may  he 
nine  feet  long,  five  feet  wido  in  the  middle,  four  feet  at  Iho  reai%  fourteen 
ineheB  liigh,  and  twenty  inches  wide  at  Ujc  working  door.  Tho  flamo  from 
the  grate  in  deilocted  on  to  the  floor,  aod  escapes  through  a  flue  over  tUo 
working-door.  Tho  ore  for  calcination  in  placed  in  a  cavity  on  the  top  of  tlie 
funiaco  outside,  from  whence  it  is  discharged,  as  required,  iuto  the  chamber 
below.  Under  the  floor  is  an  arch,  having  a  narrow  caiiti^t:ting  fiperturo 
wilJi  l!ie  interior,  through  which  the  calcined  oio  ia  druwn.  The  vvorUiiig- 
door  ia  provided  with  a  serrated  bottom  plate,  to  act  as  n  series  of  fukrums 
to  a  long  rabble,  employed  in  stirring  and  raking  up  tlio  charge^  ao  that  all 
of  it  may  receive  the  same  thorough  calcination.  The  tliruBt  of  tlie  arcdi 
itt  met  by  a  aystem  of  iron  binding.  A  chai'ge  conaiata  of  ten  or  tWL'lve 
hundredweights  of  tin  ore,  wliich  may  be  the  same  number  of  houra  hnniing, 
dopcuding  on  tho  quantity  and  quahty  of  the  ore  U>  be  operated  on.     Tbis 
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quautity  of  ore  may  be  cuicined  ttiUi  a  coiifitUDptioii  of  two  hundred weightB 
of  cofll,  A  dull  re<l-hcat,  wliile  it  has  no  injurious  cfl'^ct  on  Uie  tin,  volar 
tilizes  much  of  the  jtrseuic  and  snlphur,  and  oxidkca  the  other  metala  bo 
that  epeoificftlly  tliey  iecowe  lighter  than  the  tin  oxide. 

Instead  of  the  ordinary  rcTorberatory  furnace,  Bniutona  caJcbuer  i»  nov 
much  used  in  tin  miueSt  a  secUoDBul  elevation  of  T\hich  ia  ehown  in  Fig.  IflS. 
It  ifi  a  circular  cast  iron  table,  supported  on  a  centrml  stout 
iron  shaft,  auitaHy  stepped  in  hcaringB,  to  allow  of  its  being 
filov'ly  revolved  by  Uie  gearing  of  ft  toothed  -wheel  fastened 
on  the  tinder  sido  of  tlio  revolTingbed  C,  wliicb  ie  placed nnder 
the  dama  of  a  reverberRtoiy  furnace,  the  fire  place  A  being 
on  one  siilct  and  Hie  flue  B,  leading  to  the  main  cliijnney.  on 
tiie  othtr.     The  ore  is  fed  tljioiigh  a  hopper,  E.  placed  in  the 
grown  of  the  arch,  and  i&  diatiihuted,  and  regularly  tamed 
over  and  tliniat  from  the  centre  to  the  circum- 
feretiee,   by   tlie  aiTangetnent   ahown  in  the 
Kf^oLinnal  olevnfion,      The  revolution  of   th* 
1  of  the  furnace  ib  effected 
the  attachment  of  tbo 
i?ry  to  &  small  iratei- 
♦■  IflHE^  v,iuri     The  ore  having  been 
-^-'^■^^  constantly  turned  over,  and 
every  particle  ox- 
posed  to  the  o^ddiz- 
ing  inflnemoe  of  tbd 
heated  olf  paitaing 
tlirough    the    fnr- 
^^^'  "**  naoo.  when  it  lias 

reached  €iQ  discharging  point  H,  it  is  tlicre  tlirDsiout  of  the  furnace  into 
the  wrinldo  G,  in  a  steady  sniaJl  stream,  proportitmate  to  a  eimilor  atreaan 
supplied  through  the  hopper.  Tlie  rate  of  supply  and  dlschfli^e  is  regulated 
by  the  rat^j  of  motion  imparted  to  the  reTclviug  bedt  which  15  determined  by 
the  amount  of  tiine  requu-ed  by  tlie  various  ores  subjected  to  calcination.  It 
iB  evident  tliat  much  less  labour  ia  ncceneory  for  the  forking  of  this,  than 
of  the  ordinary  rcverberatory  funioce ;  and  a  le£a  consmnptioti  of  fuel  it 
Ed&o  Bufficicnt  for  tlie  production  of  the  Bamc  cficct. 

The  ilnc  from  the  calcinera  is  ccnimotily  conducted  a  considerable  dis- 
tance up  the  bide  of  a  Jiill,  lo  a  eboi-t  chiinnej'-staLk,  or*  bettor  still,  a  large 
squaj-e  tover  lUkd  wilh  bnipli-wood  or  fm-ze.  For  tlie  first  IfJO  or  IfHD  feet 
from  Ihe  funmco,  Die  flue  itbuilt  much  largei*  than  fniiheroff,  with  divisional 
wiillB  to  increoise  llie  lenglh  of  oirculntion  of  tiie  volatile  producta  frtm  ih^ 
furnace ;  doomays  nrc  built  in  the  Eides  of  these  chambers,  and  tlicfie  are 
eloBed  np  viJh  ttjnponny  brick-work,  or  with  large  stonca.  The  BiBeuical 
fames  evolved  are  ntnrly  all  condensed  in  these  chamUrB  in  the  foini  of 
a  wliite  powder^  ^vhich  ib  the  whiie  arsenic  or  aisciiious  acid.  At  conveni^^ 
intervolfl  of  a  month  to  three  monlha,  Iho  flues  are  opened,  the  cmde  ai&enia 
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IB  remayed,  paoked  in  casks,  and  Bold  to  Ike  arsenic  manufacturer  for  rfiOnlng. 
The  Bulphuroufl  acid  evolved  Tvith  the  ftrseiiic  passes  oa,  aud  is  discharged 
£^m  the  chiomey  into  the  siircQuiidiug  atmosphcru ;  not  unfrequQittly 
duTiDg  damp  weather  causing  miich'damage  to  adjacent  vegetation.  This 
might  be  entirely  avoided  bjthe  GlUng  of  tho  tower  with  coke,  kept  moiat 
with  a  small  strenjn  of  water,  which  would  ah&orh  and  condense  fill  the  aut- 
phurous  acid. 

Hitherto  the  prouess  of  cttlciuation  has.  with  but  veiy  few  excepdans, 
hflen  aniplojed  excIusiTely  on  dreaacd  ores :  but  great  advonUgo  in  many  in- 
stances  would  he  attaiiuiblfl  hj  sele<:thig  those  ovtm  which  contaiu  sufficient 
iron,  coppor,  or  arsenical  pyritcSf  to  burn  of  themeelvea  without  fuel.  Tha 
calcinfttjun  in  this  case  wutild  be  conducted  in  a  fitrtince  n^stimbHng  a  small 
lime-tiln,  titc  ore  being  supplied  at  tho  top ;  and  when  bunit  out.  drawn  at 
tlio  bottom  into  the  asli-pit  below  the  fii'^-bars,  in  wliioli  water  is  kept,  so  tliat, 
bj  the  hot  burnt  ore  dropping  iuto  it,  and  being  suddenly  chilled,  it  ftiUs  to 
pieces.  The  ore  thus  burnt  ia  much  easier  for  reduction  to  powder  by  cither 
tho  crusher  or  the  sL'impa ;  indeed,  its  condition  would  be  such  that  tha 
crasher  alone  might  be  employed,  without  tlie  aid  of  atampe,  for  reducing 
flveit  to  tlie  finest  powder.  From  the  side  of  the  top  of  the  furnace  the  volatile 
pr&duet  may  be  led  off  to  thu  main  flue,  with  which  tlie  reverberatoiy  furnaco 
communicates.  Tho  partially  calcined  ore  having  lioen  diessed  in  the  usual 
naanner  for  witts,  tho  tinal  ctUeination  may  be  ell'ectcd  in  the  revcrberatory 
ftirnooct  as  already  described. 

From  tho  '*  wriiiMe  "  of  tTie  eafcming  furuacei  the  burnt  ore  is  remDved 
to  the  burning-house  tloora,  where  it  is  subjected  to  a  series  of  washing  pro- 
ceasca,  much  more  carefully  conducted  than  those  employed  in  the  prepara- 
tion of  the  tin  witts.  Tho  witts  havmg  been  burned  in  separate  parcela 
According'  to  their  slzep  aa  jigged,  fluron,  smoUs  or  **■  enialea,''  a^hac,  and 
igh  or  "  rows»"  they  are    operated  on    accordingly  ;    the  jigged    being 

'P^y  JJJsged  over  again  in  a  copper  sieve;  the  fluran  passed  through  tho 
huddle  and  tie ;  and  tho  smaller  aizes  through  a  very  much  more  complicated 
►roeesai,  consisting  firat  of  w&shing  carefidly  in  the  huddle,  whence  it  ia  sized 
tt  According  to  the  part  of  the  huddle  in  which  it  settleB  ;  then  of  tosaiug  or 
ig,"  and  packing  in  aldeve,  a^ain  wosliing  on  n  hair  eieve  in  anotlier 
kieve  or  "  djlleuglLing,"  so  as  to  throw  off  tha  hght  waste  into  the  water, 
leaving  tlie  crup  tin  on  the  sieve*  whence  it  is  thrown  iuto  hnndborrows.  and 
conveyed  to  the  hutches,  where  it  is  stored,  initil  sampUug  tinie,  under  lock. 
If  tlie  tin  witts  should  have  been  "  comipted  "  with  a  ''had  brood  or  mix- 
lure/'  such  as  muntllc  or  iron  piTitca,  copper  pyrites,  amcnic,  mock  lead, 
nr  tlie  sulphuret  of  molybdenum,  wolfram,  &c.,  tlie  various  operations 
deacribcd,  lead  to  the  production  of  a  great  nmnber  of  temporonly  refuse 
matters^  wliich  ore  treated  over  again  according  to  the  exact  process  indi- 
cated by  the  cxamlnatiou  of  a  drcssijig  captahu  vvho  form£  his  opinion  from 
"  Tanning  "  samples  of  llie  respective  heaps.  The  vanning  couaifita  in  taking 
a  small  sample  on  a  large,  thin,  light  shoved,  known  as  tho  vanning  ahorel, 
and  with  a  pocuUor  motion  ecaroely  desmbablc,  wasliiog  it  in  water*  so  as 
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to  separate  the  vrusto,  tlirovringf  St  bacic  by  a  streaming  of  watar  towards  the 
handle  ot  back  part  of  the  shovol,  and  leaving  the  aiipprtor  tin  stuff  forward 
at  tho  tip.  The  process  appears,  from  tlie  dexterity  of  tho  manipiilator.  to  be 
cic<?eeditjglv  easy  j  but  it  requires  tniich  pm^ctica  to  nttoin  even  moderate 
auecesa  in  Urns  eHoclijig  the  Beptiration  pf  the  tm  stuff.  After  oJI  has  been 
doaB  that  can  bo  eflected  hj  the  nperatione  d&scribcd,  the  refuse,  known  us 
"  biimt  leavinga,"  is  usually  sent  to  the  stfimps,  to  be  sfamped  over  ftgaio, 
witJi  BOiue  fiilicfloits  stonea  or  "craze."  By  slanipirif,',  the  burnt  tin  stuff 
is  cmabcd  much  finer ;  and  80.  by  'n-asbing,  the  efirOiy  matters  are  sepumtcd^ 
which  before,  by  adbcriiajT  to  the  oxide  of  tin,  made  it  too  light  to  allow  of 
its  ^epAratiDg  out  by  settling. 

The  month'fi  aampUii*^  from  each  mine  usually  consists  of  at  least  twrt  or 
three  difTerent  quahtios,  depending  principally  upon  the  extent  to  which  th« 
impariliea  have  boen  sepamted  by  the  variona  dressing  operations.  The 
lowest  quality,  knoira  as  roiigbSi  or  rovi^r  is  of  very  inferior  quality,  in 
spite  even  of  ^eatmfint  with  acids.  Tliis  ia  usually  occasioned  by  the  pre- 
sence of  much  mctalUc  iron  derived  from  the  tools  in  nnder^froimd  worbiitg, 
and  from  small  frafjmentg  of  the  machinery  through  whit- h  the  ore  has  passed. 
At  Dralte  Walla  Mine,  this  quality  obttvuied  scarcely  more  than  one-half  of 
"ttie  price  of  the  bettor  sorts,  although  tlie  quantity  of  iron  present  yr&$  not 
more  than  about  90  per  cent.  By  the  employment  of  a  boy,  at  a  cost  of  six- 
pence per  day,  to  pieic  oTcr  tlie  ore  mth  a  harseshoe  magnet,  the  weight  of 
the  parcel  is  reduced  by  one  fifth :  but  its  value  has  been  doubled^  and  thie 
sort  has  disappeared  fi-om  the  aamplings,  the  clean  ore  being  mixed  a^ray 
with  the  best  quality. 

Until  a  yeiy  recent  period,  the  notion  prevailed  amonpt  tin  dresseia 
that  the  metal,  or  "  white  tin/'  obtainable  from  the  ore  raised  in  mines,  or 
'•  niiae-tin,"  was  entirely  different  from  the  metal  extrncted  from  llje  ore  fonnd 
in  stream-works,  or  streRm-Un,  and  Hmt  it  wb.?,  impossible  to  obtJiin  '^grain- 
tin,"  the  purest  commercial  tin,  from  any  ore  but  the  atretim-tin ;  tlie  mine- 
tin  producing  only  common  tin.  This  yv&s  because  after  the  tui  ore  &om 
the  mines  hod  been  passed  through  all  the  clressin^^processeH  before  described* 
in  ebicteat  accordance  witli  thepreecribed  nilesof  tin  dressing, yet  such  bmcea 
of  forei[«7i  metallic  mattere,  especially  of  copper  and  of  iron,  were  still  left  in 
combination  lyiih  the  black  tin,  that  the  smeltiDg  processes  employed  for  the 
reduction  of  the  metal  would  cause  the  formation  of  alloys  of  tin  iriUi  these 
metak ;  and  such  is  the  effect  of  the  combination  of  only  very  email  propor- 
tions of  these  mo^la,  that  tlje  quality  of  tlie  ivhito  tin  could  never  be  brought 
up  0(jiial  to  tlio  metftl  from  the  stream-tin. 

A3  the  native  blnclt  oxide  of  tin,  or  "blach  tin,"  is  so  very  indifferent 
to  the  action  of  adds,  the  treatment  of  it  ehemieally  witli  acids,  for  tJie  separ^ 
otioii  of  foreign  mctfillic  oxides,  is  of  peculiar  facility.  TVith  modernte  care, 
mine  tin  mtiy  be  mitdc  equal  in  quality  for  the  prothiction  of  metal  to  atream- 
thi ;  and  supposing  no  tuifair  interposition  on  the  part  of  the  smcli&rs.  such 
as  htm  licen  from  lime  to  time  attempted  on  their  part,  to  prevent  the  inlro- 
(luction  of  imprnvcd  processes  for  treatment,  con^^^iderablo  advantage  must 
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licartifi  to  the  tnine,  Jrom.  makkig  it  a  rult^  ta  leudcr  tlie  black  tin  puiQ  before 
U  ifl  sold. 

About  lti4'2,  at  Balleswidtlen  Mine,  in  Comwall,  acids  wero  first  employed 
bj  Dufloa  LD  tlie  troatment  of  tin  ores.  In  tlie  &amo  year  a  patent  was 
ohtaiued  bj-  W.  Ltiiij^'imud  (scaled  October  2Utli,  1812),  baring  for  its  ol>ject 
tlic  utili/ELtiou  of  th.G  atilpliur  iu  all  sulpiiur  ores,  by  mixing  vviiii  thiisn  oom- 
monsaJt,  audroastiDg  tUu  laLtturCp  ao  couvorting  the  sulpliur  into  sulphate  of 
BckLa,  tlie  coppcv  inti)  a.  clilorLJe.  Cotb  (beao  aubgtaaces  being  soluble  in 
wiit«r,  tbey  are  ivajilied  off,  Icji^T-ug  the  peroxide  of  iron,  tlic  oxiJe  of  tin, 
and  earthy  mattJii's,  from  which  tUey  could  easily  be  separated  by  washing. 
■Where  tlic  foreign  matters  consist  almost  eitclusively  of  oxide  of  iron,  muriatic 
iLcid  13  emidoyed  with  greatest  advantage,  the  use  of  wbidi  was  pateiittjd  long 
after  its  cmi>Ioyment  elsLMvhcrc,  by  Mitchell,  April  lUh,  2f^-U.  Where  the 
tin  BtiiJl,  after  Gulcinadou,  Btill  contoiiiB  capper,  sulphuric  acid  is  employed 
with  tlie  greatest  advantage;  the  siilplmte  of  copper  produced  being  washed 
off!,  and  the  copper  preeipitatud  in  tlie  mctallio  statu  iiiU;  iron,  or,  preferably, 
in  the  atate  of  oTtlde  witii  soda  afib. 

"Where  the  tin  stulT  bus  been  found  associated  ivitli  much  ivolfram,  aa  at 
DraJte  Walls,  in  consequeuce  of  its  epecific  gi-avity  being  so  neiu'ly  the  Bfttne 
aa  tliat  of  Uu  oxidi*,  wolfmm  being  7*1  to  7'1,  and  tin  oxide  ii"3  to  TO*  it  was 
found  impoBsiblo,  by  ther  ordinary  processes  of  dressing  and  cakiningp  to 
separate  theci;  and  for  rery  many  ycars^  in  consec^ucucc,  the  price  paid  by 
the  spielt^rs  ior  tlie  ore*  fiom  IJridie  Walla  Mine  was  lower  than  tbnt  of 
any  other  mine  iu  Cornwall,  Since  the  introduction  of  Oxhuid'G  process 
for  ti'f^aiiug  tlkese  ores*  tbcy  btivc  been  so  ijuproveJ  iu  tiuality  thai  tliey  are 
now  used  for  Uje  production  of  grain-tin,  and  fetch  tlie  lughcst  price.  The 
process  conalsis  in  takiuf;  the  ore  dressed  as  perfectly  as  possible  in  tho 
ordinary  tnttuner;  and  haviug  ascertained  the  proportiou  ofivolfrani  in  it,  then 
mixing  with  tlie  ore  such  a  proportion  of  soda  nsh  or  crude  soda  bs  will  pro- 
vide ttu  equivalent  of  aoda  for  tlie  tungstic  acid  of  the  lVt^IfrI^Tn  present.  The 
mixture  is  thgn  put  into  tiie  furnace,  nild  there  roasted  at  a  luw  red-heat, 
until  a  combiufition  is  effected  between  tiio  tungstio  ncid  mid  tliC  soda.  Tho 
iron  with  which  the  acid  had  been  previously  in  combination  ia  at  tlio  same 
titue  converted  into  a  peruxide,  am!  rendered  Hufiiciontly  light  to  be  washed 
off  with  facility,  When  the  roasting  iA  ct>iupleted — wbich  may  be  loiown  by 
the  change  of  colour,  and  by  the  ninss  assuming  a  sligbtly  pnsty  coiulition— 
the  charge  is  di-awn  through  a  hole  in  the  bed  of  the  furnaco  into  tlio  arch 
or  "  ^miikle "  beneath.  A  fi-esh  charge  is  Introduced  tlirovigb  tlie  hole  in 
the  cro;vu  of  the  furnace  from  the  "  dry ;"  and  as  soon  as  the  charge  ia  B^ireftd 
over  tlie  bed.  the  furnace  ts  abut,  the  £re  made  up,  and  ib  is  l^ft  without 
further  Btirriug,  until  the  surface  of  QiQ  chiirge  assumeij  the  uppearauce  of 
beeoTniug  moii^t,  witfi  a  slight  hiaHtiig  or  fiizKing  sound.  In  the  meanLimo 
the  charge,  while  stiJl  red  hot  in  the  interiur,  is  removed  fi'om  tlxe  "  ^vriidUe" 
and  thrown  into  a  cistern  of  water.  Tbo  wnter  Ibus  heated  disBolvea  tho 
tuntfstat«  of  soda  ;  tlio  solution  ia  run  oJf  frum  a  hole  iu  tbo  bottom,  proWded 
witli  a  Buitttble  iUters  to  prevent  the  running  out  of  the  tin  we.    Freah  waidr 
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ftcid,  and  consequent  evolution  of  tha  sulphur.  The  cUarge  having  b«ea 
well  mixad  ia  proper  proportions,  is  tUrowu  into  the  furnace,  the  doors  cloaad, 
and  the  charge  heated  t<>  a  doK  red  tliroaghout,  with  a  strong  smolcy  or 
redacifig  Hnuie,  the  objsct  being  at  first  to  etlect  the  dcaxiidiidoii  of  salpharic 
acid.  It  should  be  well  atirred,  aud  the  i-^iiciag  ftaoae  maintained  nntil  the 
pyrophonc  appearance  has  ceasod.  A  bright  doar  llamo  should  then  he  p^t^ 
duccd,  cnnyin^  with  It  much  higlily  hfsated,  but  audocamposud  atmospUomi 
air,  constitutiog  an  oudatLng  lloniQ,  as  tk^  object  now  is  to  cause  the  oom- 
binatiou  of  the  tun^stic  acid  of  tho  woUram  with  the  Boda,  from  whlL'^Ii  tlte 
sulphur  ha^  been  sufficLently  detached,  to  aUow  tlie  tuug^tic  acid  to  complete 
the  decomposition.  A  moderately  clever  funmce  laaa  will  prodace  the  efiiect 
desired  irith  great  mcety. 

The  furnace  is  of  pccuiiar  conatruction,  aa  aJiowu  in  Figs,  lo-l  and  1&5 ; 
it  will  be  Been  thnt  the  fxro  passOvi  ovor  a  cai^t  iron  bodj  provided  nith  a  rim 
ming  four  inches  aiound  (ho  sides,  Tho  bed  la  cast  in  two  cQunl  pnrta ; 
this  coostrmjtion  waa  found  neceaBory,  aa  tlie  plato,  if  cast  ia  one  piece, 
olwajH  cracked  through  the  middle.  The  bed  is  set  on  the  aides  of  tho  fur- 
nace, hut  wida  a  diagoisal  line  of  briak-work  running  utidemeatlt  from  the 
bock  nearly  to  the  froafc,  forming  a  Hue,  through  which  tho  Eame  and  ^moke 
circulate,  instead  of ,  as  in  ordinary  reverberatory  fitmaceB,  passing  directly 
away  to  tlie  maia  flue  of  the  chimney;  thus  a  groat  economy  of  fuel  is 
effected,  witbout,  as  might  have  been  expected,  great  cost  fur  the  maintenance 
of  condition  of  the  iron  bed,  Altliough  in  the  intervals  of  the  einjilojraent 
of  the  fomaoe  for  Cfirryiiig  on  the  wolfram  process^  it  is  employed  for  gbX- 
cining  the  sidpJiurous  and  arsculcal  witts  ;  yet  one  of  these  beds  has  been 
nuiiutaijied  in  working  condition,  without  requiring  rent^^val,  for  nearly  three 
years.  Iron  was  chosen  aa  tho  material  fur  the  bed  of  tlio  furnace,  not 
merely  on  account  of  the  economy  of  fuel  involved,  but  priucipally  becanse 
tho  ordinary  tire  brick  is  entirely  miHuited  for  tho  BUccessMl  prosecution  of 
the  pro<^os^.  Silica  and  tin  have  a  groat  affinity  for  each  other;  and  this  is 
Tery  materially  promoted  by  tho  intervention  of  any  alkaline  matter,  so  that 
with  fire-brick  much  aoda-ailicata  of  tin  would  have  been  produced  at  tho 
expense  of  leaving  much  of  the  tungstatea  still  unacted  on,  TUia  process 
has  now  been  at  work  since  1650  ooutuiuously,  in  Drake  Walk  iliue,  with 
Gonjdderable  pecuniary  advantage  to  the  odveDturers. 

Since  the  invention  of  thia  proceaa.  a  plan  has  been  introduced  by  Young 
of  Manchester  for  tlie  production  of  etaimate  of  soda  for  dyeing  purj)oseB, 
by  the  calcination  of  a  mixture  of  aoda  and  of  the  smalls  or  aliiue  of  tin 
oxide. 

Ti»e  dressing  of  the  tin  ore  having  been  completed,  towards  the  end  of  tlie 
month'B  workiiij^.  Ramplos  aro  taken  of  Qio  ores  in  tlieir  vadous  conditional 
and  these  are  sent  to  the  Tarious  smeltitig  establishments  in  ditferent  parts 
of  Com w a]), 

After  those  have  been  assayed  by  the  smcUers,  they  send  ofForB  of  prices 
according  to  their  value,  having  such  a  relation  to  the  price  of  the  metid  ob 
tAinable  ai  ihey  ore  pleased  to  give,  but  not  such  as  they  are  reaUy  worth. 
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The  orea  liaving  at  length  found  their  way  £rom  the  mine  to  the  ameltiog- 
houso,  have  lieie  but  few  procesacB  to  pass  through*  Octrasionolly,  as  Uaey 
'may  reciuirCf  they  are  dJj^^esled  in  sulphuric  or  munfitic  nc'ul. 
to  remove  any  residuary  iron  or  copper.  In  lld&coiiiilrv  lin;  (  Hfn,!  -^ 
eitractioii  of  the  metAl  ig  effected  iu  a  rcvcrheratoiy  funi  ^  ^ 
as  shown  in  eectionnl  elevation,  Fig.  J50,  and  iu  plan,  ijy 
1  &7 ,  tihere  A  is  the  fire  door  for  cleaning  the  fire-bars ;  E  tin;: 
(b-aiight-hole,  sometimea  opened  during  tlie  Ekimniiug  of  tlio 
ehargu  i  F  is  a  bed  of  fire-biick,  supported  ou  an  arch,  or  on 
iron  bars :  B  13  tJia  door  for  charging;  and  C  Uie  door  for 
working  the  charge,  which  is  placed  at  Uio  baclc,  under  the 
chimney,  for  tho  purpose  of  iircventiDg  tlie  oxidating  tffecl 
of  the  stream  of  air  which  would  obtain  o-ccess  to  tlie  charge , 
if,  as  is   usually  the  c 
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case  witli  reverbera- 
tory  furnaces,  tbo 
worldng-door  were  iii 
the  side.  G  G  are  ii'oii 
pons,  with  Jirebeneatli 
them,  into  which  tho 
charge  ia  nm,  wlien 
melted,   through    the  '    ji-  ,:,,. 

tftp-holcD.  The  chim- 
ney is  usuiiUy  -10  to  &0  feet  hi  height,    Tlie  ores,  as  rendered  to  the  smelter, 
vary  in  quality  from  12  to  l.*^  in  SO  for  white  tin,  or  from  OO  to  TTj  per  cent.; 
but  the  assays  arc  alwaj'S  flpoken  of  in  the  proportions  of  '20,    For  tlic  ordinary 

size  furnace,  the  charge 
3  consists  of  20  to  25  Ctrl, 

of  black  tin,  mixed  with 
12  to  IS  per  cent,  of  pow- 
dered cnlni  or  aiithracile* 
and  a  small  qimntity  of 
slaked  lime  or  llnor-spar, 
varied  ncconlitig  to  the 
proportion  of  silictt  con- 
tained in  tlie  ore.  Tbs 
matenala  ore  damped, 
well  mixed,  and  thrown 
into  the  furnace  tlirough 
tho  door  B,  which  is  im- 
mediately closed,  and  th^ 
fire  maintained  a?  stroagly 
fla  possible  for  six  to  eight  hours,or  until  the  whole  mass  is  fused.  The  charge 
is  then  weU  mixed  up,  to  cneuro  tlie  complete  fwsion  of  any  ore  remaining  un- 
reduced. The  doorK  arc  ogain  closed  for  a  short  tiuic.  Id  recover  die  bent  of  th« 
furnace,  and  to  complete  tlie  fiigioi^  of  the  charge*   It  is  again  opened,  and  tlie 
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charge  worked  dIT,  bj  Urst,  Uirough  the  door  D,  rakiug  otV  the  top  scoriap  whicU 
has  been  chilled  hy  tlirowiEg  a  email  quantily  of  damp  small  coal  over  tbe 
surface  of  the  charge,  About  three  fourllis  of  the  whole  of  the  scoria  Ls  rahcd 
oUf  iLZid  kept  sepiiratci  from  tlic  reiuaLudcr.  na  heiug  lU  oidy  to  be  thco^m 
awaj ;  a  portion  uf  i\m  remainder  'm  romuvod,  find  set  aside  for  Bttitnpijig 
over  again,  to  separute  tlie  ''prills"  of  nititnl  diUuscd  through  the  slag;  tho 
last  portion  removed  from  Uio  surface  of  the  clean  tin  is  reeerved  for  melting 
over  again.  The  metal  itself  is  run  ont  into  tho  caat-ii'on  pana  G,  tlirougb 
tlie  hols  D,  hy  claaring  out  the  aiopper  of  tire  clay  ^vitli  which  the  mouth  of 
G  was  closed.  Here  it  k  allowed  to  etfuid  fur  some  time,  imiil  the  scoria  in 
the  body  of  the  metal  haa  risen  to  the  surfiice.  After  Bkimming,  the  metal 
ifl  hbdled  out  into  oofit-iron  moulds,  which  contain  about  three  cwt.  each. 
One  day  a  i;^*eek  is  usually  devoted  to  the  refining  of  the  ci'ude  metal  oblmned 
uj  this  lirst  process,  From  the  following  analyses  by  Berthier  of  crude  tina, 
it  will  be  seen  what  hfis  to  be  accomplished  by  tlie  refining  operatioit^  or  by 
the  treatment  of  the  product  of  tlie  first  process^ 
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The  refining  operation  involves  two  proceftBea :  the  first,  a  liquaiiou;  tho 
aecond,  a  boiling  or  tossing  of  the  metal. 

The  same  rcverbcratory  furnace  may  be  employed  for  tlie  liquation,  as  for 
the  redui'^ing  operatiou.  Ths  furnace  is  charged  with  blocLs  of  the  omdc 
metal  piled  up  hollow,  so  as  to  allow  of  Uio  lliiratJ  parsing  through  the  pile : 
a  moderate  heat  being  employed,  tlie  tin  ia  aweatcdout;  and  as  it  ^ows 
dowHt  it  i«  alloTvvd  lo  rmi  out  into  one  of  Uie  pans  G,  which  has  been  heated 
by  a  fire  beneath,  iu  readiness  to  receii'C  it.  The  mesa  grndufJly  crumbles 
down  ;  and  aa  room  is  made,  more  h]ocka  are  put  Into  Ihe  furnace,  until  about 
five  to  six  t»na  have  been  acciunuljited  in  tlio  pan.  The  cruxablt?d  moss  of 
rcsiduaiy  muttera  left  in  the  furnace  is  either  at  once  removed  fiom  the 
furnace  :  or,  by  rniaiug  tlit;  heat  uf  the  ftiniace,  it  it*  fused  and  run  into  tho 
adjacent  pot.  to  be  removed  fur  fresh  treatment  with  tito  prills  from  the 
slomped  ^oiia,  and  the  last  skimmings  of  the  metal  in  tho  ohgiueJ  reducing 
process.  The  coubtitution  of  this  alloy  is  shown  iu  the  foregoing  table  under 
Column  S ;  it  contaias  about  two  atoms  of  tin  for  one  atom  of  iron.  Column 
2  shows  tlie  constitution  of  the  last  product  of  the  hquatiou,  which  ia 
obtained  by  an  incnase  of  licat ;  It  i«  gmylshwhite,  very  hard :  capable  of 
being  laminated  ;  elightly  flexible;  very  luagnelic.  Columm  3  is  tlie  prodnet 
of  tlte  fusion  of  tho  scoria  obtained  in  tlic  reducing  operation  :  it  'ib  also  very 
mngnotic.  Column  4  is  the  alloy  obllained  by  the  fusion  in  the  blast  fumace 
of  tho  infusible  residue  of  tlio  JiquaLioii  in  tlie  reverberatory  furnace.  On 
referring  to  Column  2,  it  will  be  seen  tliat  noarly  all  tiic  Jead  contained  in  the 
crude  metal  aubjected  to  hquation  is  retained  in  the  maaa  until  afltr  most  of 
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the  liu  haa  h^en  melted  out,  fia  may  be  s«on  by  oompiiriDg  Coluam  3  ^ritli 
Column  1 ,  wliich  is  the  first  pmduct  of  litjuation  at  the  lower  heat.  The  fii-st 
residuary  products  of  liquation  are  fused  ivitli  a.  etroitiger  li«at,  cast  intQ 
mouldB,  and  subjected  to  a  eecond  liquation :  the  fmol  residue  requires  a  veiy 
iniicU  stronger  heat  for  fusion.  Tlie  product  known  as**  hard.  lieads"r«- 
semhles  csst-iiau,  liiglity  cr^'Btalliized,  white,  very  bntOe,  and  eoaily  reduced 
to  i>owder.     BertUier'a  analysis  shows  its  mmpoaition  to  be — 
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Cobalt   ...        -  4-0 
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TIiQ  acoria  also,  aocordiuj  to  DertUlcti**  conststa  of— 


Silka     . 
Prutoxido  of  tin 
Protcixirle  of  iron 
Prcitoxiile  of  inaiigiauw} 
Protoxida  of  tiingabea 
lAmQ      t 

Almmlnq,  ,  , 


3*'4 

27'i 

17-6 

3-G 

20 

12 

10*0 

0S'6 


The  clif^natefl  motal  having  been  accnmnlatcJ  in  sufficient  quantity  m  the 
iron  pan,  thd  proc^^^ss  of  refiuing  la  comraoncod  by  forcing  under  the  surface 
of  the  mGtnl,  tlio  bundle  of  billcta  of  green  wood 
Bhown  mouiited  in  the  crane^  by  tlio  side  of  tho 
furnace,  over  the  pan  in  i?'ig.  Kish.     The  steam 
and  gft5C3  evolved  from  tlie  wood,  cause  a  vio- 
lent ebuUition,  and  tha  production  of  n  frothy 
scum,  containing  oxide  of  tin,  which  ia 
skunmod  off,  and  set  aside  for  further 
treatment,  ^vitli  the  scoria  pro- 
duced in  the  first  opemtions. 
Instead  of  boiling  u-iUi  green 
wood,  the  aame  (Effect  is  some- 
times produced  by  tossing  or 

rai^ng  tlie  metal  in  ladles,  and  ^  ^^    ^^^ 

pouring,    from    eonie     height 

through  tlio  air,  hack  a^gain  into  the  pan.  When  suiHoiuutly  boiled  or  to8fled> 
and  sktrnmodt  which  i>rocpss  occupies  about  tlirae  ho«r9,  tlie  metal  ia 
allowed  to  stifcud  undisturbed  for  another  buur,  during  which  time  it  settles 
into  threa  parts  or  zonea,  of  which  tUo  top  is  the  purest,  the  middle  the 
next  in  quality,  aud  tha  lowest  the  most  impure.  The  heat  of  the  metal 
IS  maintained  wliile  in  tlie  pan  by  a  fire  underneath.  When  it  haa 
quiet  Bufficiently  long,  tlio  metal  is  carefully  Bldmmed,  and  then  ladled 
into  iron  moulds,  which  contain  about  tlireahundnadweightB 


a  fltood  ^H 
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Tho  three  ditierenb  sorta  aro  kept  Bcparoto,  Iheif  quality  bolng  ascer- 
Jcuned  by  takin*,'  a  small  ladJefiU,  alimiig  aud  akimimug  it  until  suiHciently 

I,  and  then  poiirmg  it  into  a,  aiono  ingotmould,  watching  tho  appearance 
tlio  metal  as  it  cools.  If  sufficiently  pure  to  class  as  grain-tta,  it  will 
remam  bright  and  clear,  full,  and  well  rounded  ou  LIic  sides,  imtil  quite  cold; 
only  Buflioioiitlj  n;ood  to  cIjiss  aa  coimiion  ttii,  it  will  remain  blight,  hut 

so  fall  a.tid  well  roiiudod  on  the  sides ;  tititilr  ^t  the  inataut  of  becoming 
lid,  &om  tho  niiddlo  of  tho  ingot  a  frosted  crj'Btalliae  appenrauce  ahaots 
out  to  tho  sides.  In  the  tlmvl  q^uahty,  th«  colour  beuomea  aUgUUy  3*ellowi3h, 
aud  the  nppearanco  of  the  Posted  crystalline  marldngs  takes  place  sooiier, 
and  completely  covers  the  ivholo  of  tho  surfac<3.  Examining  the  ingota 
when  quite  cold,  by  bending  them,  the  ri^marlEahle  crackhng  aound  character- 
istic of  tin  is  muck  greater  iu  proportion  as  it  is  pm*er. 

TUc  two  tirat  qnnhtios  are  r^gerved  for  the  marliet:  the  third  ia  again 
eubjocted  to  liquation.  Tho  host  grMiiitia  is  quito  pjre ;  but  the  compoaitioti 
of  the  other  tliree  qualltieB  ia  shown  in  the  annexed  analyses  by  Bertluer:— 

OriUnarft  Common^  Hai^^ 

Tin 09'76  98-64  0500 

Ooppcr  .    .    ,    .        '24  116  3  00 

Lead     ....*..,  -20  1-50 

Iron.     ....    a  tmc^  a  trac<3  . . . , 

Arsemo .     .     ,     .    n  ttaca  a  trace  a  trace 


10000  10000  t^oO 

Formerly,  m  Cornwall,  whero  ncttrJy  all  tho  tin-smeltiag  is  carried  on, 
Uie  ores  were  smelted  in  hlnstfumnces — and  hence 
tho  amcltiiig  eslabliEhmenta  were  knoTSii  aa  blo%\'ing 
bonsf's  :  at  prqsent,  reverhcratoiy  furuacca  only  arc 
employed  ;  but  in  Germany,  at  Altenberg,  tlie  blast- 
fumacc  IB  still  cmployedp  aa  shown  iu  Figa.  liiO  and 
100,  which  are  a  vertical  section  and  plan  of  the 
furnace,  with  the  bellows  employed  for  producing 
tbe  hlftst.  A  ifl  die  plan  of  tho  largo  fiimnce  employed 
for  tlic  fusion  of  the  raw  ore,  being  about  fourteen 
feet  liighf  constructed  iu  the  body,  J  J,  of  coaxae* 
groined  porphyritic  syenite.  The  laboratory,  or 
crucible  of  the  furnace,  l'\  is  built  of 
a  very  refractory  Jlrc  brick :  it  ia  of  an 
oval  forai,  aud  tlio  lower  poition  of 
it  is  lined  with  a  very  stiU  brasquo  of 
charcoal  and  fire-clay, tightly  rammed 
down.  From  the  bottom  of  the  furnace  a  chtuinelt  shown  in  the  eleva- 
tion, conducts  tJie  fused  charge  uilo  the  iron  basin,  I,  from  which  llio  ficoria 
i&  let  oit  from  tho  side  dmvn  the  inclined  plane,  G,  into  tlie  small  resen'oir 
of  water,  H ;  and  tho  metAl  beneath  is  let  out  by  the  channel,  K^  into  the 
r^civer,  L,  which  is  of  a  rectangular  form,  about  eighteen  inchee  square 
and  two  feet  deep.    Tlie  large  fumaco  standb  under  a  dome,  or  cupola,  shown 


Fig.  199, 


on  the  abaftr  C,  which  is  moved  by  i 
thxoagh  a  door  on  the  left  Bide,  abou 
nace.  The  Bmall  furnace,  B,  is  aboi 
the  same  nutnner  as  the  high  fumaci 
Booria  arising  ttam  tlie  oi>orations  in 
The  furnaces  aro  Blrtwi"  j--^  '  • 
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twtittiy  to  U\'<i3niy  foui*  hoiira,  tliu  b£)iaiii  i^  full  of  mcUl,  M'hea  iho  hola  is 
opened,  and  llic  metal  nin  out  into  tlie  front  bagin.  From  time  to  time, 
according  to  tlie  appearance  of  ttio  furiiace,  especially  havln;^  re^rd  to  tho 
condition  of  tiio  tu3'cro3  of  scoria  formod  in  ftoitt  uf  tke  noz^los  of  ibe 
bclloTvs,  frefih  cbargog  of  ox*e  ara  added  iu  varying  quautitifls. 

AUbougli  the  metal  produced  from  the  blasl.  furnace  is  uBunlly  better  tban 
tbat  obtained  from  tbe  reverberatory  ftiraocej  yet  the  expouse  of  fuel  and 
tliQ  loas  of  ore  are  so  much  greater  than  witli  ih&  latter,  tbat  the  use  of  the 
blast  fiumaca  ia  nearly  abandoned.  Witli  the  reverberatory  fumaee,  for  one 
ton  of  tin  produced,  the  consuiuptLon  of  fuel  amounts  to  l^  tons,  vfith  a  loss 
of  five  per  cent,  of  metal.  With  the  blu^t  furnace  tlio  fuel  consumed  amoiULta 
to  about  tliroB  tons  of  coals,  rrith  a  loss  of  metal  equal  to  fifLeen  per  cent. 

From  tlio  smolting-haiise  tlis  metal  ia  sent  to  laarkot,  iu  tbe  form  of 
blot-ks  of  throe  hundred waighta,  one  liiindrcdwcl^ht,  or  half  a  hundredweight 
each ;  or  in  strips,  cast  in  moulds  of  white  marble,  aboat  two  feet  long,  oiia 
iitch  wide,  and  half  an  inch  tiiick;  or  it  ia  rendered  in  tho  form  known  aa 
"  gmin-tin,"  wbieh  is  made  by  hoatLnff  a  blocls  to  a^  high  a  temperature  as 
possible,  without  melting.  On  letting  tli«  block  so  boated  fall  from  a  con- 
ftidomblo  height,  or  by  striking  it  with  a  heavy  Jiamraofj  it  ia  ahivorcd  into 
fragmGnts,  presenting  tJie  appearance  of  long  erystaUiae  fibroua  masses, 
entangled  iu  each  other,  in  forms  scarcely  deaeribablc. 

The  metal  is  largely  employed  in  the  mnnnfacturo  of  various  alloys  j  thoso 
of  tin  with  copper  have  already  been  noLiead  under  "  Copper*"  For  the  mauu- 
fuctiire  of  solders  It  is  inuuh  used  iu  tho  following  proportions : — 

Plumber's  aoldor  ,  .  ,  1  ,  .  1 
Tinmau'fi  goUlcr  .  .  .  1  .  ,  3 
Pfiwtcror*fl  BoldsT    .         ,         .         2         .        „        1 

It  ia  not  much  ua«d  in  tho  pure  metallic  form,  but  almost  oxcTusively  as  a 
tin-foU,  for  covoring  bodies  to  protect  them  more  effectuaUy  from  moisture 
than  paper  will  do;  or  for  the  making  of  the  amalgam  which  ia  used  in  the 
manufftcturo  of  lookingglasseB.  Perhaps  the  most  extensive  uso of  the  metal 
is  for  making  tin-plate,  which  is  not,  as  is  commonly  supposed ,  a  plate  of  tin, 
hut  a  plato  of  sheet  iron,  the  surfaces  of  which  aro  covered  with  an  alloy  of 
iron  with  tin.  Two  different  sorts  of  sheet  iron  aro  used  for  tho  manufacture 
of  the  plates — ■ '  eoke  "  and  "  charcoal "  iron  ;  so  called,  according  as  the  one 
or  the  other  fuel  is  employed  in  the  mauufoctnra  of  tho  sheet-iron.  Although 
much  raanunl  dexterity  is  necessary  for  tlio  making  of  tin-plateat  yet  the  pro- 
cess itself  is  simple.  The  plates  of  iron,  cut  by  machinery  to  the  proper  size, 
arc  pickled  ;  Uvat  is,  laid  in  dilute  sulphtirio  acid  for  a  suAieieiU  time  to  clear 
tlie  scale  of  oxide  from  the  surfaces  of  the  sheets.  They  ave  carefully  washed 
clean,  and  kept  iu  store  until  wanted,  under  pure  water.  The  plates,  dried  by 
rubbing  them  over  witli  warm  bran,  are  put  into  a  bath  of  melted  tin.  covered 
with  tallow.  T]ioy  are  kept  in  this  bath  about  an  hour  and  a  half,  ore 
removed,  and  dipped  one  by  one  into  another  bath  of  piircc  Lin  for  a  moment ; 
they  are  passed  on,  to  be  dipped  into  a  batli  of  tallow:  thence  they  are 
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nLooBini  or  tckkinO'  iqost. 


retiiove<H  iiid  are  set  on  edge  until  sufficiently  cool  for  huidliag : 

and,  fiuaujt  Uie  wire  formed  at  the  lower  edge  by  the  m^lal  rmujixig  down 
ever  tlie  BuifacBr  in  romoved  by  dipping  the  edge  of  the  ahe«t  into  uiother 
bath  of  metal*  only  a  qiinrt*ir  of  nn  incli  deep.  Whon  tlio  wire  fit  melted* 
the  BUperfluous  mctul  Is  r^iiiovcd  by  a  fih&rp  blow  on  the  edge  with  alight 
Stick.  Tlic  tallow  is  then  removed  by  okaning  ynOi  bran,  and  the  plate  in 
readerod  fit  for  tlic  lUEirket.  Very  largo  quantities  of  tin  fHate  are  txAsd  fut 
the  mpnnjacture  of  domestic  uton&ik.  and  in  America  for  covering  ih^  rooHs 
of  Uousea. 


Iron,  either  wrough 
cither  by  filing  or  by  Uyii 
it  into  a  sohition  of  "  b 
drying  the  iron  so  dippo* 
moments,  or  until  it  hi 
Iron  BO  tinned  cnii  ha  jd 

Much  of  the  grtun-l 
known  tk&  "  tin  liquors," 
to  the  purposes  for  whk. 
solntiona  of  tin  in  muri 


tiimod  by  first  brightening  it, 
washing  it  clean,  then  dipping 
3  disftolrcd  in  muriatic  acid, 
hen  dipping  Uio  iron  for  a  few 
tmperftture,  into  a  bath  of  tin, 
ila  with  common  tin  solder. 
nufacluTQ  of  dyera'  tnordnnt^* 
L  A  variety  of  ways,  according 
rhoy  are,  howerafi  principally 
natio  add^  or  of  muriatee  or 


uitro-muriates  in  ammonia. 

The  qutmtity  of  tin  ore  raised  in  Cornwall  in  1855*  from  120  mineB, 
amounted  to  84 15  tons  ;  valae,  j£<'>41,043.  In  l)evau«hire,  from  14  mines. 
181  tons;  ya!nc,  £10,874,  In  the  Bamo  ycnr,  tho  importations  of  metallic 
tin  into  the  Di^ittid  Kingdom  amounted  to  1612  tons*  and  tlie  exportaUoax  to 
1338  tons;  value.  ilS3,0m 
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CHAPTER  XXIX. 


ZINC,    ITft  ALLOYS   AND   SY^^OKYMEa, 

Synonytne^ :  Zincmn;  Zhtc^Fr.;  Zmk,(7rt". ;  Spelter,  Cont^s-ffly.—Friach, 
a  GcrmEui  ^Titcr,  &s.ys  Uiat  it  woa  first  called  ziiil;,  ^inetumr  or  zLucimi, 
liecaiise  the  fumace-calamiue  assumeE  the  Cigaie  of  zinkcB  or  2achen»  nails 
OT  apikes.  Tkia  metal  wns  unkiowii  to  die  ancients;  and  olthaugh  partially 
dcscnbed  hy  tlio  alchemist  AlberLua  Maguu«»  in  tlje  thiiteentli  century,  and 
mentioned  hy  Grignon  as  having  hceu  found  in  Ike  mina  of  an  ancii^nt 
Boman  city  m.  Champagne,  we  have  no  distin<:t  mention  of  the  metal  imtil 
I^iacslffiia*  in  the  sixteeatli  century,  first  used  its  nomet  and  gave  a  preiiiBe 
deficnption  of  it.  Henkel,  in  1741,  gave  an  acconut  of  his  success  in  obttiiu- 
ing  tlifi  metal  &oni  calamine,  Ly  the  addition  of  a  carbnnactioutt  mnteiial; 
and  he  is,  no  doubt,  the  lirst  ^vhu  pracured  the  metal  from  calamine,  at  least 
in  Kurope.  Dr.  Isaac  LawBon,  of  Scotland,  hrst  introduced  tlie  mannioo- 
t^ire  of  zinc  on  ihc  large  scale  into  Great  Bntnin.  ^inc  works  wore  estab- 
lished at  Bristol  by  Champion  in  \7iii.  At  a  remote  period,  tlie  ores  of  7:ino, 
known  as  cadmia  and  tutia,  ^%'ere  used  with  copper  in  the  manufacture  of 
bra&B. 

The  raetal  was  fir&t  introduced  into  Europe  fixim  tlie  East  Indies,  under 
the  njunea  of  speltrum,  speautcr,  Indian  iiii.  The  prcEent  prcHJeae  employed 
in  England  for  the  gmt-lting  of  tho  jin^Uil.per  tlfsci'nsum,  appears  to  havo  been 
introduced  from  China  nbout  the  year  1740.  In  Beckman's  **  Hi&tory  of 
Inyentions,"  and  l^^ntf^on  s  "  Cheinictd  Essays/'  are  to  be  foimd  interesting 
bistoncal  memoirs  of  Ihe  discovery  and  introduction  uf  tMa  metal.  From 
the  former  of  these  ivriterSp  we  aelect  a  few  extracts  illustrating  Ibe  discovery 
of  this  metal. 

That  the  mixture  of  ;cine  and  copper,  known  as  brtl^a,  pinchbeck,  prince's 
metal,  &e.,  was  known  to  the  ancients,  is  beyond  dispute.  Mines  coutainiug 
the  orea  from  wlJch  tJiia  ytllow  metal  was  produced,  were  held  in  high 
Mtimation^  nnd  much  regi^ettt'd  when  exhaueted.  In  tite  course  of  tiino  ll 
was  remarked  that  an  ore,  wliicli  must  have  been  caloimne,  when  added  to 
copper  while  inelUng,  gave  it  n  yellow  colour.  This  ore  was  therefore  used, 
though  it  Wiis  not  ]mown  ^vliat  metal  it  contained,  in  the  same  manner  a9 
oxide  of  cobalt  was  employed  in  colouring  glasg.  When,  in  course  of  time, 
more  calamlno  was  discoTered.  the  ancient  method  of  procuring  brass  from 
copper  ore  containing  zinc  was  abandoned ;  and  it  was  found  more  con- 
venient firel  to  extract  from  it  pure  copper,  and  then  to  convert  it  into  braaa 
by  ttie  addition  of  calamine. 

The  ore  kumi^'n  to  the  riucionta  an  i^ttthnia,  wa.s  wlmt  tlie  Gennan'B  coJl 
ofrnbruok,  and  wliich  ia  with  us  called  fumat^e  colamino,  or  what  in  melting 
ore  containing  zine,  or  in  mailing  brass,  foils  to  llie  bottom  of  the  furnace. 
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Tgt  many  «euturiQ5  Uk":  fumafe-calaiiLme  wn9  thrown  ^de  as  iweless;  tiU&t 
length,  in  Hie  midiUe  of  the  aijcteentli  century.  Erasnma  Ebenir  first  showed 
that  it  might  be  u&ed  instead  of  nndvo  calamine  for  mtikiiig  brass.  This 
discovery  induced  the  mannf^ers  of  the  hraaB-TCorks  in  the  Hartz  Forest  to 
pick  ap  carefully  tliat  which  had  prcTiously  been  ttirown  Etsid3  as  waste. 

Thi8  nictol  ia  of  a  bluish-wliite  colour,  sufficiency  Lard  to  hear  a  poliaJi. 
Its  specific  gravity  is  08  to  72.  It  fiiseB  at  a  low  I'ed-heat,  and  volatilixes  ol 
a  white  Ileal,  and  distils  over  in  close  vessels ;  but  in  the  open  air,  at  a  bright 
red.  it  iolias  firt?,  and  burna  away  rapidly,  with  the  prodnctioct  of  dense  fnrncs 
of  white  oxide  of  zinc,  known  as  **  philosopher's  wool,"  Very  fine  turnings 
of  tliG  metal  placed  in  an  open  wire-work  basltct^  freely  exposing  it  to  the 
atmosphere,  will  take  fire, and  bum  with  great  vivacii^,  giTlng  out  an  intessfi 
light,  if  only  set  fire  to  with  a  lighted  match,  If  the  roeta!  be  cast  hito  a 
thick  cftke,  and  allowed  to  cool  very  alowly,  on  brealdng  it  the  fractnre  will 
preaeat  a  highly  eryatalline  flppearanco.  It  ia  malleable  in  tlie  cold,  but 
brittle.  Its  greatest  ductility  and  malleability  are  developed  at  tempcr&tims 
between  2 1 2'  and  ^^iJO"  Foli.  Above  these  temperatures  the  metal  become*  W 
Tory  brittle  that  it  can  bo  rednced  to  powder.  As  it  will  not  bear  violftnt 
lununonng  when  cold,  so  as  to  reduce  it  into  thiii  sheets,  it  was  not  onti]  n 
comparatively  recent  period,  when  ita  maximum  ductility  at  the  temperatnrw 
roferred  to  was  diacovered,  tliat  the  motal  was  u^ed  in  the  form  of  aheeta  or 
foils.  By  using  a  boiling  Bohition  of  salt  and  water,  the  lamination  of  the 
metal  can  now  he  elTected  ^ritli  oaso  j  and  its  consumption  has  conae^jaentlir 
Tory  much  increased.  Drawn  into  a  wire  one-twelfth  of  an  inch  in  diametEf. 
it  will  support  twentyfive  pouuda  weight  without  hrealdng.  It  hag  a  graftt 
affinity  for  oxygen.  In  a  dry  atmosphere,  nt  ordinary  teraperatarea,  it  m- 
mains  unchanged ;  but  in  a  moist  atmosphere  it  rapidly  taruiahes,  and  becomes 
covered  ^vith  a  very  thin  coating  of  white  oxide.  It  decomposos  water  at  a 
red  heat :  it  is  very  soluble  in  acids.  In  giilplmrio  acid,  or  oil  of  vitriol,  it 
disi^olves  with  the  evolution  of  sulphurous  acid ;  hut  in  dilute  aulphuiio 
acid,  aa  wi3ll  as  in  muriatic  acid,  it  disaolves  with  the  evolution  of  hydrogen. 
The  rapidity  of  aohitiou  is  in  the  iuverac  ratio  of  its  purity.  Pure  zinc  re- 
quires eii^ht  days  tor  its  aohitiou  iu  the  same  quantity  and  game  streugth  of 
acid  ill  wliicli  tlie  zinc  of  cominercG  is  dissolved  iu  an  hour. 

Do  la  Bivo  liaa  shown*  by  dii'^ct  experiment,  tjjat  rinc  mixed  with 
otlier  mctala,  in  tiie  proportion  of  nine  of  tlie  former  to  one  of  tlie  latter,  by 
Bolation  in  dilute  sulphuric  acid,  produces  the  qnantitiea  of  gas  m  a  giirea 
time  iudicated  in  tho  following  table  ; — 

Zinc  of  commt^rcc,  and  alloya  of  Kiuc,  with  ifoa  in  proportioni  as 

HmnJl  as  Too  of  iron ,,,..,,,  100 

Alloys  of  ainc  and  copper 43 

Bo.  of  Kin c  and  lead     .,,,,.,.,.,.,.,  15 

Bo.  of  ziiio  and  tin 12 

Diatilled  siuo      , 5 

A  rapid  diaengawenieat  of  gag  may  also  be  prodaeed  by  swrounding  th* 
zinc  with  a  gpiral  of  platuia  wire.     The  bt-at  prnportiotis  of  acid  and  water 
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appear  to  be  not  leas  tliaa  ou«  of  ftcid  to  tbi'ee  of  water,  ad(1  not  more  than 
one  of  ftcid  to  t^'o  of  water.  The  zinc  of  commerce  is  never  pure  ;  it  alwaya 
oontaina  traces  of  irotii  carbon,  arsenio,  copper.  lead»  and  cadmium.  Zlno 
eonUining  ajrsenic,  on  aolution  in  citJier  muriutic  or  iulpUuric  acid«  eyolvea 
aisemurettcd  liydrogea.  It  may  be  punned  by  rediaiiliation.  It  fa  also 
rapidly  oxidized  by  the  action  of  caustic  potash  and  eoda  in  water,  entering 
aa  on  actd  into  combination  vriih  theee  basoa,  formitig  eolublo  zincaiea  of 
potoali  and  eoda.  If  meloUio  iron  he  present,  Find  in  contact  ^vith  the  zino 
in  the  alkaline  solution^  liydrogcn  is  given  off  as  the  ealt  Is  for^ncd.  The 
solution  by  evRporation  is  converted  iuto  o,  bright  eoUd  fonn,  which  ia  very 
deli^aeseeitt  in  the  open  air. 

Zinc,  ia  never  found  native  In  the  metflllic  state,  but  mineralized  prin* 
cipally  with  oxygen,  curbonic  acid^  stJphur,  and  Bilicic  acid*  T!iQ  red  oxido 
of  zinCp  bracite,  or  sparlalitc,  is  found  in  considerable  qiitmtities  at  Sparta, 
New  Jerseyt  United  Statcg,  It  is  of  a  blood  red  colonr^  opaque,  hard,  and 
brittle.  Its  fracture  is  Ehininj^,  lamellar,  slightly  conchoidal,  and  thin  fmg- 
ments  are  translucent  Specilic  gravity,  B'43.  By  expostir©  to  tlie  air^  tho 
Ftirfaco  becomea  white,  from  tho  fonuatioii  of  a  carbonate.  Ita  compo^idon, 
according  to  Berthier,  ia — 

DxtdeofziDO .»»t4*    fiB'DQ 

Oxide  of  manganeeo  *•»»«*«**»    12  DQ 

lOOOD 
A  large  mass  of  this  mineral  was  ex]dbited  by  tha  New  Jersey  Mining  Com* 
pony  in  the  Gieat  Exliibition  of  1651, 

CarbcnaU  of  Ziiw,  Calmninf,  Zincspar,  Bhombohedral  Zino  Baryt4^  or 
8mik*f>niUy  ifi  found  in  the  Mcndip  Hills,  SomerBCtshire  j  Derbyshire,  Cum- 
bedAUd;  LcadltUls  and  Wonlock head,  Scotland;  Aix-la-Chapelle,  Siberia, 
Hungary,  SLlesla,  Brillon  in  WcBtx^halia ;  JefTerson  coupty»  Mjfisoujri,  U.S. ; 
Mexico,  and  China.  This  mineral  ia  qimmed  in  very  largo  quantities  at 
Vieillo  ^Contngnep  between  Ui^go  and  Aix-la-Cbopelle.  lb  ia  found  either 
white,  jeilowish-gray,  or  bro^vn  \  mostly  opaque,  but  occasionally  translucent. 
It  la  of  a  granular  texture;  xitrf^ous,  pearly  lustra ;  ita  fracture  smooth,  or 
imperfectly  conclioidal.  Specific  gravity,  4^3  to  4'6.  It  ia  rarely  found 
cryetaUir-ed.  but  mostly  in  fitolactitio  cellular  or  botryoidal  masses,  or  in 
mdiatod  and  liunellar  conctcilona.  It  doea  not  contain  water.  Ita  composi- 
tion 'Tories  according  to  tlie  loeatitios  whence  it  is  obudned.  Tho  following 
OnalyBes,  given  by  Berthier,  will  show  this : — 


Oxide  of  einc     •    .    *    «    « 

w«jei. 

SJbcHip 

UmL 

PTT4S«««i 

64600 

^2im 

60  400 

tmm 

rrotoxiilo  »f  iron    .    .    .     , 

900 
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rnjtoiiJe  of  man^noM  .     * 

V500 

.. 

CarboDJe  acid  and  water  ,     , 

35-400 

3&'D00 

34-200 

29C0O 

Earthy  mattfTs  .     .     .     ,     , 
rt-roiiJe  of  inm       ^     ♦     ♦     ♦ 

•400 

3-600 
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&000 
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nuoAXB  or  nao. 


These  mAV  be  etatod  as  foUovr ; 


Oarbonate  of  lino   •    •    •    • 
Carbonate  of  iron    .    .    •    • 
Carbonate  of  nunganen  •    ■ 

Hydrate  of  iron 

Earthy  matters  •    •    •    •    • 

Wd»      ■ftoto.  1 

XML 

Pj , 

lOOHXW 

•  • 

•  • 
•• 

•  • 

90-000 
1*500 
»• 

■  • 
•* 

87*W0 
5-000 

5*800 
-4M 

87-000 
S-MO 

5^ 
S-500 

100*000 

09*500 

98*500 

99-400 

Itis8olabl6inmiixifttioacid,idtIitbtt«Tolittionofcai1^^  alaofaao- 

monia,  and  more  rapidly  in  loltitioii  of  etzbonate  of  ammotrifc  aUc^tlj  hiMtod, 
The  Silicat4  qf  Zine,  EUeUnc  CaUmUut  S^iemu  Omd$  rf  Ziae^  €hima, 
PrimatUZi$ioBar]fUtWiUmU$,^lhmmDead.h$om>d  inlatgeqiuailltiMi^ 
the  same  localitiee  as  the  earbonate.  It  oeonra  maasiTe,  botij^oidal,  eaUnlar. 
stalactitio,  etalagmitic,  but  rarely  etyataUized,  of  a  ^ramilar,  fibroaa,  and 
lamellar  structure.  'When  heated,  it  beieomea  atrong^  eloctzio ;  vhon  pure 
it  is  colourless ;  but  ia  mostly  finmd  of  a  blniah-white  or  yellow-gray.  Whaa 
crystallized  it  is  transparent  or  tranalnfent.  Its  fraetare  is  compact  cr 
radiated,  of  a  -vitreous  lustre.  Its  speoifie  gravis  is  8*879  to  SriSL  B 
gelatinizes  by  solution  in  adds,  in  consequence  of  the  presence  of  riUca.  a 
is  not  reducible  alone  with  charcoal,  but  requires  an  earthy  body  or  an 
alkali  to  detach  the  silica  irom  the  zinc  oxide.  AVhen  pure,  it  is  a  hjdrated 
silicate  of  zinc,  composed  of  t-tvo  atoms  of  silicate  of  zinc  and  one  atom  of 
water.    Berthier's  analyses  of  three  diiferent  samples  are  as  follow : — 


Oxide  of  zino     •    •    . 

Silica 

Water 

Oxido  of  copper      ,    , 
Oxide  of  manganese    . 
Oxide  of  zinc     .     .    . 
Oxide  of  iron      .    ,    , 
Oxide  of  tin  .... 
Carbonate  of  zino  .    • 

Siberia. 

Tleille  Montague. 

VicUte  HootagDc. 

64-700 

25-300 

9-500 

•500 

. . 

66-300 

24-900 

7-400 

•300 
MOO 

6-400 

2-000 

•600 

•  • 

8-bbo 

89-000 

100-000 

100-000 

100-000 

The  silicate  of  zuic  is  also  met  with,  occasionally  in  large  masses,  in  the 
anhydrous  state :  it  is  known  as  Willlamsite.  It  is  found  in  Switzerland,  in 
the  same  localities  as  the  calamines,  and  associated  with  them ;  its  constitu- 
tion iTcing  the  same,  excepting  the  water. 

Sulphuret  of  Zinc  Blende,  Blavh-jach. — This  is  a  mineral  of  zino,  which,  as 
some  of  the  principal  sources  of  calamine  are  becoming  exhausted,  is  increas- 
ing in  importance  as  an  ore  of  tliis  metal.  It  is  found  in  large  quantities 
in  tlie  Isle  of  Man,  Cumberland,  Derbyshire,  Cornwall,  the  Hartz,  Hongaiy. 
Transylvania,  Saxony,  Bohemia,  Sweden,  and  in  the  United  States.  The 
produce  of  the  British  mines  for  the  year  1855,  amounted  to  about  10,000  tons. 

It  is  very  seldom  found  in  large  quantities  alone ;  but  is  more  commonly 
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aasocifll^i*!  with  tJie  £uIpJiur  ores  of  lead,  or  wiLh  irou  or  copper  pjrjtea, 
SiuaII  qaanUtios  of  cadmium  are  commuulj  nss^iciutcd  t^'iIJl  blende.  It  ib 
£onad  in  cryatala  of  tlio  dodecftlieiirnl  form,  inaaaivB,  crj-gLolUue ;  biilliaut, 
glf^sy,  or  reamoufl  lustre,  and  texture  riirtlf  gi^tiular;  transparent,  light 
yellow-green,  reJbrown,  or  black,  and  opoqaa.  Specific  fir&xity,  3  W4&  to 
4"J0T,  It  is  plioaphoresoent  iviLh  lieat  and  friction,  and  decrepitates  Tvhen 
heated.  It  b  soluble  in  nitric  acid*  but  very  sUgbtlj  so;  in  muriatic  acid 
its  Bolability  is  pronjoted  by  the  prcsoace  of  irou  in  combination. 

It  L3  Terr  difficult  to  produce  tlie  Biilpliuret  of  zinc  artiliciaily,oii  account 
of  tlio  indiJQ'erence  of  tha  mctnl  ta  gulplicr;  yot  it  is  difficult  by  simpla 
roastmg  to  docompo&e  the  blende,  which  requires  nearly  a  white  hcnt  to 
cause  the  cvtdutiou  of  tbe  aulpbar  as  sulphuroufi  acid,  leaving  the  dnc  n^ 
an  oxide.  The  composition  of  fouir  varieties  ia  ehoi^  in  the  foUo^ving 
analj-sfiS  ;— 

Eagntros  dc  8uchon.        Engl&ntl. 
32'630        .    .        33  600        ,    .        33000 


Sulpbur . 

Zinc  .  , 
Ciulmium 
Gnnguc  . 
Iron  .     , 


6&030 


63-000 


O'MO 


3-400 


01*600 


rrjEibram, 

33-160 

1-6Q0 


1*600 
4000 


2-2Q0 


TLflflijion,  lOO'OOO     Dertlii^r,  lOO'OOO     BerlLierj  lOOOOO    Lowe,  98-340 

rroust  has  ^von  Uie  analysis  of  a 
blonde  contiiuiiiig  only  15  per  tent,  of  snl- 
pliur.    In  some,  gold  is  said  to  bo  present. 

As  tFie  ores  of  zinc  are  most  commonly 
raised  witli  other  ores,  the  metliod  of  mining 
and  of  pre  paring  for  tlie  stucltiDg  house  does 
not  require  a  separate  notico.  Calamine  is 
prBpar*?d  for  snieUiiig  by  calcination  in  a 
Bort  of  lime-kiln,  or  m  a  furaace  rescm- 
l^Unj  an  iron  cupula  fumaco,  nssisteil  with 
&  moderate  blast,  as  shown  in  Fifj.  KU  of 
a  Sdiaftofcn.  TJie  ore,  mixed  with  toal  or 
coke,  is  tlirown  into  the  nioulh  of  tbo  fur- 
naco  A  ;  and  as  tine  calcined  ore  is  dra^^'n 
from  tbe  farnace  tit  E.  it  gradually  tliids  Us 
Ti-fty  dowti  into  Ibo  hotter  purls  of  tbo  fur- 
fiar.e,  B  imd  C,  tintil  at  D  it  meets  u'ith  the 
full  fore;  of  tliO  blast  from  the  tnycres  FF; 
find  the  brat  producci]  is  suincieut  to  evolve 
the  whole  of  tlto  carbonic  acid  and  any  &ut- 
phnr  that  may  have  been  pr<*scnt.  The  eal- 
cined  ore  is  ground  to  fiiio  po^vder  liefore 
miating  with  Uie  quantity  of  carhonaceons 
matter  neceasArj  for  tbo  decomposition  of 
thia  oxide  of  ziuc  contained  in  it 
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CALGINATIDH  or  CALAMINE. 


The  heat  19  sometimes  rotuntajned  in  the  kiln  without  a  hlaat,  by  having 
four  tire-placca  orraDgcd  arotind  the  throat  of  the  Min,  90  that  the  heat  pro- 
duced may  be  drawD  into  it,  and  regularl/  dbtxibuted  throDghout. 

The  siJiceons  calamme  \a  auhjected  to  the  same  sort  of  calcination.  Hie 
COnetitution  of  the  cidciiied  prodacts  is  shown  in  the  following  analyees : — 


I. 

IL 

in. 

rv. 

Oxide  of  Kinc,  free    .     *    , 

16-400 

27-JOO 

60  000 

M700 

Bo.  combined  with  siUca 

£6400 

13160 

7020 

Siliei      . 

21-200 

6  480 

2-640 

Oxidq  of  iron  .     ,     *     ,     , 

6  BOO 

£3400 

32-940 

8-300 

Oxuio  uf  m&n^a.nfs^       .     . 

.  • 

1     ! 

6-460 

. 

Carbonic  aoid  and  vrsLtat    . 

,    , 

7-200 

OlkU^  uf  b&d  and  luAfl   *    . 

■  ■ 

A    . 

092D 

Sud 

.    • 

1 00000 

1Q-A00 

99'SOO 

100*140 

99-700 

The  threo  fii-st  anttlyses  are  hy  Schmidt, 
the  fourth  by  Berthier, 

By  calciufltion,  the  ore  loses  ahout 
twenty-fivo  per  cent,  of  its  weight.    The 
calcined  ore,  which  contains  on  an  aver- 
age ftbont  forty  per  cect  of  z'mc,  ia 
ground  to  ft  very  fine   powder,  sifted 
through  tt  fine  move,  mixed  with  half 
ita  weight   of  coal-dust,  and  is 
then  ready  for   charging  into 
any  of  the  furuatiea  em- 
ployed. 

At  VieiUo  Montagne, 
the  furnace  U9«d  is  as 
rTiowh  in  Figs.  103  and 
103,  In  Fig,  lOi,  on  the 
left  hand,  is  Ehown  the 
front  deration;  on  tho 
light  hand,  a  s^cti'>aftl 
elevation.  BB  are  amaU 
fines  leading  from  the  fire- 
place A.  to  the  ohatnber 
iu  wliich  the  amoll 
fira^:ltty  retorts  re- 
presented   m    Fig, 

1(13  are  set.  Tlio  products  of  combastion  hav- 
ing conveyed  tlie  heat  to  the  retorts,  by  circu* 
lating  amongst  them,  pass  on  Uirough  tho  fluea 
CC,  in  the  arch  of  the  ehamher,  to  the  main 
chimney,  the  top  of  which  is  eupplied  with  « 
damper.    Four  gf  these  fumac^a  Htand  together 
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for  tbe  purposes  of  economizing  room  and  heat,  ixud  of  rencli^ring  tiie  >vbol« 
«tructiire  strottger.  In  tlie  arched  chamber,  whioh  is  nino  feet  high  and  &ix 
feet  wide,  are  placed  forty'two  cylindrical  retorts,  each  tlireo 
f^ct  eight  uitrlies  long,  imd  elx  inches  internal  diun^ter. 
Tliey  are  made  of  &  very  refractory  fireclAj,  earefiilly 
bmnt^  Short  conical  cast  iion  pipes  are  fttted  to  the 
Uioutha  of  the  retorts^  prcyectiiig  through  tlL<!  fire-brick 
lireaal-work.  On  these  are  Jidjuated  wrought  iron  tubes, 
tapering  through  a  len^  of  two  feet  to  a.  diameter  of  wi 
iagh  at  the  mouth-  The  inchited  position  of  tho 
retorts  aud  pipea*  and  the  method  of  eiippoilingand 
ftrrongiiig  tliem  in  die  furnace,  are  &hoi\-n  on  the 
left  hand  of  Fig.  IG^,  and  in  the  Bide  sectional 
elcTfltion^Fig.  twa.  The  breastwork  ia  Bup- 
portcd  with  plates  of  c&gt-iron,  strengtheiied 
with  wrought  iron  bracea* 

A  new  furnncc  is  hIowIj  Lcat^d  orer  a 
period  of  four  daj's  to  a  white-heat;  small 
cliargea  of  tbo  ore  ore  intruduccd,  and  tl^c 
iron  tubea  luted  into  their  places  witli  fir&- 
cl&y.  Iji  iho  coTUBo  of  four  or  five  days 
the  furnace  ia  brought  into  full  vorking- 
poiver.  A  charge  for  tlie  set  of  retorts  in 
one  teoaco  consists  of  1 100  Iba.  of 
calcined  calaminQ,  mixed  with  &50lbs. 
of  coal-dust.  The  retorta  are  charged 
^■ith  qmmtitiea  of  the  mixture  placed 
in  a  HOit  of  eenii-cyliudrical  scoop, 
varying  according  to  their  position ; 
for  in  spite  of  cvciy  precautioii  to 
heat  all  the  rotorts  tilike,  those  neareat 
the  fire  ohtaiu  ra*>st  heat,  and  thora^ 
fore  work  off  ^luicltcst.  As  fioon  aa 
tho  retorts  aro  charged,  the  iron  pipee 
are  properly  adjusted  in  Uicir  placca, 
end  the  full  force  of  the  firo  ia  put  on. 
Soon  carbonic  oxjdo  gas  is  evolved  in 
considerable  quantities,  which  bums 
with  a  blno  fiame  at  tho  monthsof  the 
m*oughtiroa  pipes.  G  radii  filly  tlie 
qntatity  of  the  gas  diniiniBhe«»  and  the  flame  obtoina  a  greenish  white 
bue,  and  white  fumes  are  copiously  evolved,  when  the  distillation  of  the 
Eoetal  cnrnmences.  T!ie  pwrer  metnl  is  deposited  in  the  ca^tiroa  pipe; 
and  the  metal  alloyed  with  lead  i&  condensed  in  tho  outer  ^n-oughtiron  lube 
—proving  that,  although  alono  lead  ia  not  volatile'*  yet  t3*at  when  ui  com- 
bination with  zinc  it  is  more  volatile  than  zino  iUelf.    When  the  ivrought- 
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iron  pipe  nppeai^  to  bo  n«arlj  HUed  ap  wilk  the  condensed  proda<:t8,  it 
is  removed,  and  its  contents  oje  Biiaken  or  scraped  out-  The  liqiiil 
metAl  Iving  tu  t!ie  cast-iron  [lipe  is  rnltcd  oot  bj  one  worltnifin  hito  (Jie  bJll^ 
snppoi't«d  by  another  Tlie  wrought-iroa  pipe  is  frgiiin  luted  on,  and.  Uie 
samo  process  repented  until  the  charge  h  vrorked  off»  wbicli  ia  nstmlJj 
done  in  twolvo  hours.  Tho  charge  hnvin^  becti  finished,  the  residitftry 
mntters  in  tli*  retorts  are  scraped  oTit;  they  am  agaitt  cIiiLrg(?d,  fuid  tlie  worl 
conducted  as  before.  The  crude  mctnl  o^Udnect  ftmoniiU  to  al>out  ihlrt^r  per 
cent,  of  the  calcined  ore  employed.  The  CompnsitiQn  of  the  residuary  m&tton 
iu  the  retorts  ia  eho^ok  in  the  following  oaal^'sea  by  Bi'jrtluer:^ 


Zioc  tcad  oxide  of  vmc    •     , 
Iron  and  nxidu  af  itvn    .     . 
Silicate  of  zinc,     .     .     p     . 

Load 

Sand  &nd  oky  ♦    *    ,    .    . 
Carboa 

860 

IQOO 
6750 
tmeo 
18  00 

InerfiQiiic. 

51  30 

2-60 

43"  40 

100  00 

&920 

i     .  - 

M 

Hi 

a 

w/ 

The  fiiaed  zinc  ecraped  out  of  Oie  cnst  iron  pipes  ig  p<it3red  into  ingot- 
moulds  containing  70  to  6&  lbs.  cacli-  Tho  fcranulnr  ^inc  is  nidted  in  ens^ 
iron  pots,  sliitnmed,  und  cast  into  inpjoMnoulds,    The  residnory  fildmmings 

oonbiin  oxide  of  zinc,  ciidc  of  lead. 
protoxide  of  iron,  &nd  sand,  in  pw 
portiona  varying  according  to  tlio 
quality  of  the  raw  ore  «mp3oyeJ. 
These  residua  are  either  workoi 
over  Bgain,  or  arc  employed  in  the 
manufiicluro  of  paint. 

BUeUan  Uethod  of  Smcltfsg. 
— TIjc  colutntiio  ores  of  due  aro 
raised  in  considerable  quantities  in 
Silesia,  and  are  used  fur  the  majia- 
factare  f^f  zinc ;  but  altliongh  tbd 
principle  of  the  process  is  the  s«me» 
tho  furnace  employed  is  very  dif- 
ferent in  form  and  arranpementf 
u'hich  are  shown  iu  Figs.  1C4  to 
UlS.  Fig.  J  01  is  a  phvu  of  tho 
*"^^'  ^^*"  fumacG  at  the  level  of  the  Isrc-bara, 

I,  TliO  fire-place  and  hed  of  the  fnrnaeo,  B  B,  are  biiiJt  of  fir^-bricks 
and  tilea.  The  ashpit,  A,  is  Bhown  in  Figa.  105  and  1 06,  Aa  the  anmo 
lettei-H  are  oaed  in  each  figure^  the  po&itiona  in  tlie  plnn  may  he  identified 
tx'itli  thoae  in  tlie  two  vertical  sections,  both  tlirouph  tlio  contml  Uno  of  tho 
funmee,  but  at  right  angles  to  eadi  other.  Tho  dotted  lines  iu  Fig.  104 
show  the  plaeefl  of  the  ntuMes,  F  F,  of  Fig.  165,  which  places  aro  also  shown 


I 


J 


aiLEBUK  METaOP   OF  ZINC   SMELTtNA. 


6W0 


at  Y  T.  in  Fig.  IfiG,  L  L  are  tlie  aides,  braced  topethor  wiUi  iron-trorli,  and 
AupportiDg  tlie  tlimst  of  tlie  ftrcb,  E.  ITie  conls.fod  tlu-ougli  Uie  firuplftco. 
C,  on  to  Uie  fire  bars,  ft»  recGiving  the  draught  tlirough  Ibe  nsh  pit.  A,  ^\'e 
oflf  the  beat  to  Uie  iuUTior  of  tbe  fumace,  lu  ivhioh  tlie  ten  retorts,  or  mtiffleSt 
F  F,  ore  arranged ;  tbe  ainoko  pasbiJig  olf  by  four  holes,  K  K,  in  tlie  roof 

of  tho  furnace.  In  tlie 
plan,  Y  Y  are  the  boles 
through,  wliifb  tlie  coa- 
ducting-pipes,  TT^  hnve 
occesa  to  tbe  chambers, 
i  i,  of  whioli  there  nro  ton, 
oorresponcUiij;  to  tlie  Ltim- 
ber  of  Iho  retortg.  Tbo 
ardi,  E,  is  constructed  of 
a  mixture  of  fire-clay  and 
sand,  carefuJly  beat  down, 
about  nine  inches  thick, 
on  a  mould  of  wood,  or  tom* 
porary  roagh  masonry, 
*4r-  i*^'  smoothed  over  with  ashes 

or  Band,  -which  is  remo^*ed  after  tha  arch  hne  been  nllowed  BufBricnt  time 
to  harden^  so  as  to  stand  witliout  support.  If  properly  mado  nnd  ortrefuUy 
dried,  thia  arch  wilJ  last  two  or  Ihroo  years*  Tho  mullie.  shown  in  laugitudinal 
ftod  transverse  sectipn,  FF  (Fig.  J  07)  >  is  about  forty  luchcs  long,  tireuty  inches 
in  height,  and  tiro  to  three  inches  Uiiek.  It  is  raado  of  a  luixture  of  fire* 
clay  and  old  broken  miifflea,  k        _^  4C 

ground    to    goarfje    powder,  [  ^^j|L,i<!MMBBE^^ewkfc5-J 

mouldedi  slowly  dried,  and 
vhtlo  the  furnace  is  being 
heated,  wljicli  requiiea  eipht 
to  i^u  days,  tbe  set  of  muffles 
is  prepared  by  baiting  in  !i 
e^pamte  funiaco,  elowly  rais 
uig  thc'm  to  a  Btrong  red  hen.t, 
and  tlion,  trhile  so  heated, 
remoTina!  them  to  tlieir  ae- 
Bignedplncesin  tliereductng- 
fumuoe,  wlicro  tlie  fire-clay  ^1^ 
door  is  litled.  and  tho  con< 
denfliiig  ])ipG«.  H  H  H  and  ^«  **^ 

C*  are  odjuated,  bo  as  to  convey  tlio  inotal  into  vessDla  placed  to  rcceivo  it 
at  J  i,  in  th^  roceHnea  of  tlie  arch  Y  Y.  Aa,  until  Uie  pipes  have  aUnincd  a 
eonHidorahle  temperature,  the  metal  is  apt  to  condense  in  the  pipe,  H,  and  so 
to  choko  it,— ^in  tli«  end  of  the  pipe,  H,  a  hole,  provided  with  a  clay  stopper, 
is  Uh,  through  which  tho  metal  may  bo  raked  out.  without  dieturbing  Ltxe  pipe 
itself.   The  pipe  H  is  connected  with  Ihd  receiver  1  by  the  adapter  G,  passing 
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through  the  holes  Y.  The  charge  is  mtroduced  throagh  a  hole  in  the  fiie^f 
door  below  that  provided  for  the  acyustment  of  the  pipe.  The  calamine  ns^  ia 
colciued  in  a  roverberatory  funiaoe,  hosted  with  a  separate  fire»  or  in  corns 
mBt&ncoa  with  ttie  heat  paBfiing  off  from  the  reducing  furnaces.  The  chu^ 
of  calcined  cfilamuao,  toughly  powdered,  ig  nuTed  with  powdered  coke,  ot 

with  the  cinders  from  the  coal-flre  of  the 
fiUTiace.  A  charge  ia  woi-k«d  off  every 
twenty  fonr  hours.  The  product  obtAined 
i9  a  crad«  m«tal,  which  is  remcUed  in  iron 
'^'  **^*  pots  or  pnDH,  well  Bkinuned,  and  cast  into 

lugoifl.  The  chomboTfl,  Y*  ore  also  provided  wilk  iron  doore,  to  protect  the 
pipes  froni  the  coi^ling  nction  of  t!ie  atmosphere. 

lii  the  day  of  ttt^nty-faur  hgtirs^  five  cwt.  of  calcined  calamine,  eqnnl  to 
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BBTen  and  a-half  cuvt.  of  the  raw  ore,  are  p&^ed 
through  the  furnace,  each  mnlBe  being  charged  and 
drawxi  once  in  that  time.  The  produce  of  crude  zlno 
4  iB3'4owt., 

Tvhich  by 
refining  is 
conrerted 
into  30& 
of  com- 
mercially 

puro  zino,  and  '35  cwt.  of  skim' 
mingg,  which  contain  '2  of  meUl> 
lie  zinc ;  thus  the  product  of  {ftin 
zinc  from  raw  ore  by  tliis  pro- 
cess amonuta  to  only  27'4  per 
cent.,  whiist  it  contains  as  much 
na  45  per  cent,  on  the  average. 

A  moditication  of  the  Silesum 
famaco  is  sometimeB  employed,  in 
which  as  roflny  as  twenty-fonr  Jniif- 
ilea  are  set,  and  the  healed  gasea 
and  smoke  are  carried  ofif  through 
fi^  adjacent  reTerheratory  furoRces^ 
in  which  tlie  roasting  of  tha  raw 
ore  is  carried  on. 

EngUah  Hethod  of  Sneltlng, 
— TJicrc  are  but  few  zinc -smelting 
works  in  Great  Britain  :  many  of 
those  that  were  in  operation  faara 
bean  abandoned,  on  account  of  the 
cheap  tato,  oonaistent  witli  superior  quality,  at  which  the  metal  was  supplied 
from  Uio  continent,  principally  by  Iho  Vicille  Montagne  Company.  This  arose 
ehi*sfly  from  the  superior  quality  of  the  orea  obtained  by  them,  and,  in  conae* 
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qneiiGd  of  their  ^eat  nbundance,  their  loss  cost.  "Within  tJie  last  year  or  two, 
mxLC  emcltiug  hna  been  reriring  in  this  countryt  and  an  inoreased  demand 
has  arisen  fur  the  blende  oiest  which  are  more  abundant  here  than  the  «:fllft- 
mines.  During  the  year  l&AS,  the  tdtel  qnantity  of  calamine  reported  to 
have  been  raised,  or  ratlior  sold,  was  163  tons,  llie  prxjducB  of  Hie  Alston 
Moor  Minea;  but  of  blaci-jack  or  blende,  from  vajioua  mineSp  V620  tons* 
Altltongh  these  quantities  are  not  to  be  conaidcrcd  as  all  the  orea  raised  in  the 
different  mines,  yet  they  will 
allow  tho  comparative  quonfci' 
ties  of  the  ores  obtainable. 

Th«  black-jack  or  blende, 
and  so  also  the  calamines,  are 
rotated  in  rei^erberatury  fur- 
naces resembling  those  em- 
ployed far  the  calcination  of  tin 
or  of  copper  ores ;  bnt  the  black- 
jack requires  a  longer  time  and 
a  greater  heat  than  those  orea 
do.  Tho  reduction  furnace,  for 
the  treatment  of  tlie  oalciucd 
ores,  is  Bhown  in  Figa.  L&0» 
i70.»i»dl7L  ^»^'°- 

Throngh  A  solid  mase  of  masonry^  H  H,  ore  three  ptLssagen,  shown  in 
bo^  the  plan  and  ^kvation.  These  are  interaeotod  by  nuother,  at  right 
angles,  through  the  middle.  The  middle  paeeage 
of  tho  three,  C,  is  tlie  ash  pit  of  tho  fireplace,  A, 
The  others  are  required  for  the  d^acending-pipes 
from  the  large  pota,  or  cmdhk^s,  arrnnged  on  the 
hearth  above,  on  each  dtie  of  the  fire-place,  within 
A  i^ircular  Jlre-brick  wall,  A  A,  Euitably  bracedi 
and  supportlog  a  dome  or  arch,  of  the  some  mat«- 
riivK  through  wMch,  grer  each  pot,  aro  boku*  OO. 
Through  theae  the  pota  are  cliargod^  and  the 
ttmoke  from  th^  tiro  passes  itito  tlio  main  chimney, 
O,  which  is  like  d  glasshouse  chimney.  In  the 
large  chimnej'  arc  doorways,  K  K,  opposite  each 
of  tlie  arches  in  the  circular  wall  of  tiic  furnace 
A,  Uirough  which  the  pota  arc  passed  into  theix 
places  on  tJie  hf?arLh.  The  inner  arches  are 
built  up  witii  liro  brick  after  the  pots  are  put  into 
P^*  ^71'  tlieir  places ;  bnt  tlio  onter  doorway's  aro  of  conr&e 

left  open,  for  free  access  to  the  furnace  for  charging,  &g. 

The  constructioD  of  the  pot  is  shown  in  Fig.  171 ;  the  pot  is  so  placed  on 
the  hearth,  tltat  the  hole  in  its  bottom  ehalt  correspond  with  the  iron  con-* 
denser-pipe,  which  passes  through  the  hearth  to  the  passage  below.  A 
luting  of  Qre-ctity  is  interposed  between  the  pot  and  the  condenserpipe. 
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wliich  ia  also  connected  with  n  larger  cj'liadrical  pipe  of  w^ollgh^i^&a, 
aufBci^htiy  long  to  convey  the  cnndeiiBcd  proditols  of  difitillFttion  into  the 
ves^l  G.  Th&  i>i>ts  are  inadr>  vt  n  mixture  of  fire-claj  aud  coarsely  powderod 
lirokcii  pol-s  i  tliey  nrc  cnrcfiijly  baked  in  nu  adjaining  furnace,  'H'hc^oec,  when 
they  are  required  to  8uiii>ly  the  plafca  of  broken  pata,  they  are  conveyed  re4' 
hot  into  tlie  fonince  by  a  large  pair  of  tonge  on  wheels.  If  well  nuide>  a  pdt 
will  last  a-bout  four  months.  The  charge  of  c&lcined  ore  and  coal*  mixed,  la 
introduced  tlirough  Iba  holes  in  llie  crouTi  of  the  arch  into  the  crucihlet  the 
hole  in  the  bottom  of  wbich  ha^  been  loosely  sti^pped  tsitli  a  iivoc)den  plug. 
The  cover  of  tho  crucible  is  li^ft  oil  for  tn^o  houra»  after  oharf^ing.  or  uulil  the 
nppearaftcc  of  a  bluish  linme  indicates  the  cominenceiueiil  of  Lhe  rodnctng 
opei'aliou.  By  this  tbio  the  wooden  plug  •wiU  Jiftve  hecn  conTcrted  into 
chftrcoiU;  and  tt  mil  Jinve  b«en  rendered  sufficiently  porous  to  allow  of  the 
piiB.Sflge  of  the  vapoui's  of  th*  metallic  ^jnc  on  their  Tvay  into  the  fondenser* 
The  worlpnau  lias  onl^*  to  n^nintafn  th^  lireT  £nid  Dcua£iunal)y  to  ehrar  l^ 
pfiRSiigo  in  tho  condensing  rip^>  bIiohM  Uie  metal  hnve  nccumulated 
Bufficiently  to  eudiinger  its  stoppage.  This  cloftmnce  ia  effected  by  passing 
ft  red'hot  bent  iron  rod  throuj^^h  th&  ticcumulaled  metaL  Five  chai^pea  of  ore 
arc  worked  off  in  a  fortnight,  eight  to  t<^n  tons  of  calcined  ore  having  bean 
used,  with  a  consumption  of  twenty-five  to  tiiirty  tons  of  coal,  the  pi^Dductiou 
of  metal  amounting  to  about  thirty-five  per  cent.  The  crude  metal  obtained 
in  dropa  and  potidcp,  with  a  little  osdde  of  zinc,  in  the  dishes  placed  on 
the  lower  heiirth.  are  purified  in  the  same  manner  es  the  products  of  the 
Sileaiaa  proct-ss*  Before  a  new  charge  is  put  into  the  pot,  the  residuary 
matters  are  rahod  otit  llirough  tlio  bottom,  the  ahcoLiron  pipe  having  been 
temporarily  remnrcd*  ftnd  the  charcoal  plug  withdrawn. 

Many  patents  Itave  been  tiikea  out  during  the  last  twenty  years  for 
improvements  in  zinc  smelting;  hut  not  one  of  tlicm  seema  to  have  been  of 
EufScient  practical  importauce  to  have  been  the  means  of  aupeiseding  the 
old  procesaea* 

The  congumption  of  zinc  has  becTi  Tapidly  increasing  since  tbe  diseoTdiy 
of  the  means  of  laminating  it  with  facility.  It  ia  used  in  Uae  form  of  eheeto 
for  covering  ships'  bottoms  instead  of  copper:  the  sheeta  are  nailed  on  vith 
sine  nnils.  The  sheets  are  also  used  plain  or  eomigated  for  building  bouses, 
boats,  ships  ;  for  constructing  roofs :  for  maldng  bathe,  rain-gauge  ahutes,  and 
Bponta :  pcrfomtod  in  q  grent  variety  of  oniamental  forma  fur  blinda^  screens, 
light  fences,  sieves ;  also  for  watcr'tanks*  water-proof  boxes,  omnmental 
TAses,  i&c. 

A&  zinc  becomes  very  Huid  at  a  low  ttimperatnre,  it  has  been  fonnd  to  be 
excecdiijgly  well  adapted  for  making  casts  of  statues  and  of  statueltea,  as  it 
takca  a  sharp  inipreasion,  from  the  filling  np  of  every  outline,  therefore 
leaving  but  liltlo  labour  for  the  chaser.  In  France,  the  production  of 
Btatui^ttea  in  zinc  has  become  an  important  bnainees ;  and  beautiful  worka 
of  art  of  fiiir  execution  arc  now  becoming  attainable,  tlirough  this  branch  of 
industry,  by  individuals  ivhose  dlapofiition  to  enltiYatc  a  taste  for  the  Fine 
Aria  has  hitherto  been  curtailed  by  the  limited  means  at  theii  difpoaa].  The 
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use  of  the  metal  in  tlie  preparation  of  various  alloys*  has  already  been 
noticed.  It  has  also  been  employed,  like  tin,  for  the  coating  of  iron,  pro- 
ducing what  is  known  as  galvanized  iron.  Utensils  and  portions  of  ma- 
chinery, both  of  wrought  and  of  cast  iron,  are  galvanized,  by  first  pickling 
them  with  dilute  sulphuric  acid,  then  dipping  them  into  a  solution  of  chloride 
of  zinc,  drying  them,  and  finally  placing  tliem  in  a  bath  of  zino,  melted, 
covered  with  fused  chloride  of  zinc.  By  leaving  tliem  until  of  the  same 
temperature  as  the  bath  of  metal  was  before  the  article  waa  immersed,  it 
becomes  perfectly  coated  with  zinc,  which  remains  adhering  to  the  iron  with 
«  perfectly  smooth  surface.  The  article  should  bo  subsequently  well  washed 
ia  water  and  a  solution  of  soda,  otliorwise  a  great  tendency  to  oxidation  will 
be  produced  by  adhering  traces  of  the  chloride  of  zino. 

The  chloride  of  zino  in  concentrated  solution  is  largely  employed  as  a 
disinfectant ;  it  is  known  as  Sir  WiUiam  Burnett's  disinfectant  liquor.  The 
sulphate  will  serve  very  nearly,  if  not  quite  as  well,  for  the  same  purpose ; 
M  indeed  will  many  oUier  metallic  and  earthy  salts. 

The  oxide  of  zinc  is  much  used  as  a  white  paint  Ground  with  oil,  it 
does  not  cover  so  well  as  the  wliite  lead  paint ;  but  it  is  free  from  the  objec- 
tion to  the  use  of  white-lead,  as  it  ia  not  liable  to  tarnish  or  blacken  when 
exposed  to  the  action  of  sulphuretted  hydrogen. 

The  use  of  white  lead  paint  is  injurious  to  the  health  of  the  painter,  and 
of  persons  exposed  to  the  smell  of  freshly-painted  rooms,  where  it  has  been 
used;  but  zinc  oxide  is  also  free  from  this  objection. 
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CHAPTEB  XXS. 

AVtT]l014t,    BTBMITTff,   AKD   LEAD,   THE  111   ALLOTS    JKG    KtKQKnfSS. 

StfnoRyjitet:  Antimony  (Regultts  of  ABdmony) ;  Antimoine,  Ff. ;  SpkoA- 
gla,]t2,  SpieBsglas,  Spie^gUuxz]toiiig»(!?#r'>;  Andtnqn,  AntiiDonlum ;  Sdbiom, 
8b  .^ — This  metal  nns  not  known  tmtil  the  fifteenth  ceutuiy;  it  was  first 
doacTibed  by  Basil  Valentino.  Borne  of  ita  com|>oands  were  known  to  the 
andtints ;  it  Is  spoken  of  by  Pliny  aa  Stibium.  The  black  snlphnret  ^m 
used  by  Uie  Egyptian  and  Koman  ladies  &s  a  co&nteito  for  marking  tlie  cyea 
itud  eyebrows.  It  is  said  that  Basil  Valentine*  a  monk  of  Erfurt]?,  whUe  en- 
gaged in  Mb  akh<!Liiieul  Uboura,  threw  some  of  \hc  prepatAtiona  of  antimooj 
^UcL'e  pig9  had  access  to  tliG  mixture  with  their  food;  and  having  ohfiervfrd 
that  aitctr  becoming  sick  they  rapidly  fatt^ned^  Im  tliought  that  his  friends 
might  profit  by  the  game  treatnient"— and  fto  he  fed  them  iu  like  mamiGr  wil& 
th«  awino ;  but,  to  his  disappaintment,  found  tliat  what  was  good  for  the  pigs 
w&s  bad  for  the  monkSj  for  they  died :  and  so  the  metal  obtainsd  the  name  Of 
antimoinei  anti-monk,  antimony. 

From  the  earhest  times  the  sulphurGtof  antimony  was  known  as  alM/al — 
on  Arabic  term  for  an  impalpable  powder,  the  condition  in  which  it  was  uaed 
OS  a  cosmetic.  Hence  the  terms  of  tho  alch«nii»ts,  al<^phiil  and  aloowl^  and 
tlio  filquifour  of  the  pottera^  applied  to  the  ^e  powder  of  the  sulphur  of  lead. 
Alcohol,  ncfW  of  rery  dlSerent  application,  was  derived  irotn.  the  some  source. 

Antimony,  in  many  respects,  resembles  arsenic  iu  its  properties ;  but  ita 
oxides,  uuliko  those  of  arsenic,  ore  insoluble  in  water.  It  is  of  a  grayish-^ 
irhita  colour,  higlily  cryBtoHin^,  and  brilliant  in  its  fracture;  not  very  hardr 
but  brittle^  and  easily  reduced  to  powder.  It  has  a  peculiar  tnste  and  odour. 
Its  tenacity  is  very  feeble ;  it  melta  at  a  red  heat.  Out  of  contact  with  air, 
it  TolatilizcB  very  slowly  at  a  white  heat,  more  rapidly  in  the  open  air. 
Covered  with  a  flux  in  the  atroDgeat  white  heat,  it  loses  only  one  one- 
IhonBandth  of  its  weight ;  but  it  may  be  distilled  at  Uie  same  temperatnre  in 
a  current  of  hydrogeu  gas.  Its  specliic  gravity  is  0'7I5,  la  dry  air  it  con- 
tinues unchanged,  but  in  a  moist  atmosphere  it  becomes  coated  with  a  thin 
covering  of  oxide^  It  does  not  decompose  water,  either  at  ordinary  temp«rft' 
turea,  or  at  that  of  boiling  water ;  but  at  a  red  heat  it  does  go  rapidly,  some- 
times with  explosion.  At  a  red  heat,  exposed  to  the  air,  it  bumsT^ith  a  whit4 
IJame,  producing  a  crystalline  oxido.  Nitric  acid  acts  energetically  tm  it, 
couveiling  it  into  ajitimouious  acid,  which  is  iissoluble  in  water.  Dilute 
Bulphurio  acid  has  no  action  on  it  By  boiling  in  concentrated  anlphurio 
acid,  a  sulphate  of  the  protoxide  is  produced,  with  evolution  of  snlphurooa 
add.  It  is  not  soluble  iu  hydrochloric  acid,  nor  is  it  so  even  in  hot  acid,  tf 
pure ;  but  if  associated  with  iron  it  is  veiy  aUghtly  soluble.  It  diasolres  very 
readUy  in  nitro-muxiadc  acid,  and  sulphurous  acid  has  a  slight  action  on  it 
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The  nitrate,  chlorate,  and  sulphate  of  the  alkalies,  at  a  red  hefltT  oxidize  tl 
very  readily.  It  is  insoluble  in  organic  adds.  In  the  form  of  pawdei;, 
dropped  into  chlorine,  it  takes  &ro,  producing  protochlorido  and  pcrchloride  of 
antiniony.  An  alloy  of  antimony  and  zinc,  by  digestion  in  dilute  sulphtiric 
md,  evolves  hydrogen  gas,  holding  antimony  in  Bolution^  the  product  b«iag 
hydrogen  and  antimoniurettcd  hydrogon. 

Native  met^ilUc  autimony  is  very  rare*  bnt  it  b  found  at  Danpliino  in 
Fnmce,  Andreasberg  In  tho  Hartz>  Sweden,  Meiasen,  and  Connecticut,  U,  3, 
It  13  flomctimea  alloyed  with  arsenic,  but  is  most  commonly  mineralized  with 
flulphur*  moro  rarely  oxidized,  m  an  antimoniate  of  limoT  or  in  combination 
with  other  metallic  snlphideSt  such  fta  jamcsomte,  bonmonite,  feather  ore, 
ttnUmoniol  copper  glance,  falilerz,  gray  copper,  ruby  silver^  polybasite,  &c. ; 
hat  the  only  ore  used  aa  a  aocrce  of  thia  metal  is  the  sulphuret  of  antimony, 
obtained  principally  from  Borneo  and  the  East  Indies ;  it  occura  also  in 
Cornwall,  in  aevenil  mines  in  DdTonshii'e^  Scotland,  and  the  Bome  locahties 
in  wtxich  the  metal  H  foui^d. 
It  is  known  also  as  gray 
ftntimony,  stLblue,  and  pria* 
inatoidal  antimony  glance^ 
It  U  a  bluish-gray  mineral ; 
fibrous,  radiated  and  grann- 
loTfitmctui^ ;  metallic  lustre, 
occnning  in  masacs  with 
qnartz,  sulphate  of  baryteg, 
carbonate  of  iron,  and  car* 
bonato  of  Umo,  It  not  un*^ 
frequently  containg  ti'ficcs  of 
gold^ftnd  sometim^aof  Bilvec ; 
it  19  brittle*  and  easily  re- 
duced to  a  black  po\^'der.  Ik 
is  fusible  at  a  very  low  tem- 
perature ;  its  compositionia — 

Sulphur     ,     *     ,     26 
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Prom  its  easy  fuaibllity, 
Inatead  of  being  dreased  with 
vater.  aa  is  usual  with  other 
metala.  it  ig  melted  out  from 
its  gongue  by  fire-  The 
fumade  ehown  in  Fig.  172 
is  one  of  tha  beat  employed  Kb*  ^^*« 

for  this  purpose.  Between  tbo  three  fire  places  ABC,  ai^  two  chambers  F, 
covered  with  cast  iron  plates,  having  holes  corro^onding  to  the  eeutros  of 
th«  two  firo-chity  cylinders  E,  which  are  fitted  on  them  ^dthin  tlio  nrch^ 
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througtk  whicli  the  firee  piny  lu'ound  ^om,  the  smoke  possmg  off  By 
tlie  back  into  the  Ghunnej  above  the  platFoniv.  The  ej'bntiera  liave  In 
Iha  bottom  &t  the  sides,  corru^pomlmg  with  the  opciuingB  into  th«  arcb: 
tlieae  lioks  wre  closod  wiUi  fire  clay  iStoppers,  luted  wiUi  fire  clar-  ^^^^lllia 
Ihti  ohambara  F,  <ki  low  carHagce,  are  [ilaced  tlie  cmoihles  D  Dj  as  rertrivpra 
of  tho  faHed  or^e  which  flows  down  from  die  cylinder  aboire.  The  Jrinmce 
hftving  beea  heated  to  n  bright  rediie&9«  the  charge>  of  four  bundled weighlfi  of 
crude  Bulphuret  m  Bmoll  luiup^,  ia  put  into  the  cylinder  E.  and  the  cover  C 
jA  put  on ;  the  ore  Boon  Juses  aud  lli>ws  down  into  tlio  cmcible  below^  leaving 
tlie  atony  gaugae  in  the  cylinder,  which  is  recharged  ever^*  three  hotua.  The 
residuary  raatteia  are  dnwa  out  tlirough  the  holes  in  tho  side  of  Llie  cylinder. 
About  OOlba.  of  the  pura  Bulphurct  are  obtained  per  bour.  A  small  re- 
verberatoiy  fiuraoce,  like  a  tin  reducing  furtiftcc,  ciiiTefull3'  managed  by  Ih* 
workman,  will  produce  equally  good  ri^sulta  iit  Ims  cost  of  fuel  and  ofpUnL 
Much  f>f  the  refm&d  sulphuret  thus  obtfuiied  Ib  used  as  it  is,  for  the  manufac- 
ture of  various  medicinal  preparations  ;  B.iid  it  is  extensiTelj  employed  in  the 
miiiiLufactur^  of  fireworks,  eEpcciiUIy  for  tliu  productiou  of  white  signal  lights^ 
"When  intended  to  be  UBod  for  the  smelting  of  the  metal,  it  is  first  roEiated  at 
a.  very  modemte  beat  iu  aa  ordinary  calcining  reverberatory  furnace.  It  ia 
put  into  the  furuace  in  the  form  of  a  coarse  powder.  It  requires  earefiil 
maiiaf^omeut  to  waiutaiu  the  heat  aullieicnLly  high  to  cause  the  ox.idation  of 
tlie  tui.tAlT  aud  the  evolution  of  the  sulphiu:'  to  go  on  without  interruption^ 
but  not  so  hj^h  as  to  caiiHc  the  fuaiou  of  tlie  sulphuret.  At  the  end  of  tAVelve 
to  fi^en  houi'a,  the  calcintition  will  be  complete,  the  charge  haviog  lost  its 
gray  mctfilhc  lustre,  aad  become  of  «  cindrj'-gi*uy  colour,  at  tlie  sojue  time 
tliflt  Ihtt  evpjhition  of  ILo  white  fuiuea  ivill  have  cetLsed-  By  thia  process, 
fi-om  100  pnrts  of  the  aulphuret,  ^U  porta  of  oxide  of  antimony  oaght  to 
be  obtained ;  but  iu  practice  the  product  doea  not  amount  to  more  thaa  60 
to  Oo  pai-i^ 

The  o^iidc  ifl  mJKcd  with  ehurcoal  powder,  moistened  trlth  a  solution  of 
Boda  ash  ;  the  mixture  is  put  into  crucibles,  a  number  of  which  are  placed 
to<;etber  in  th^  same  furuaco.  A  bright  red  heat  is  maintaiued  until  the 
fusion  in  complete.  The  product  is  a  crude  metal  and  a  scoKa,  which  cou- 
hIsU  of  the  sulphmreU  of  antimony  and  sodium  in  combination,  7he  former 
is  mi^lted  over  again  with  aome  of  the  ficoria,  by  which  it  is  stiU  furtliex 
puHtied.  The  crude  metal  cast  into  ingots,  when  broken,  preRients  a 
brlglit  crystalhne  appearance  ;  but  the  crystals  are  emnlt,  and  not  aa  bright 
as  tlioy  are  requin»d  to  be,  to  meet  tlie  rcquirctuenta  of  ordinary  commorcial 
demmids.  By  remelting  in  largo  quantities,  eHmmiug  carefully,  and  slowly 
coohiig'v  the  desired  ap{>earaucQ  may  bo  obtained.  The  scoria,  groiuid  to 
powder,  is  known  as  crttvas  or  kennes.  AutimLOny  is  also  obtained  indirectly 
in  some  of  the  processca  for  refining  lead- 

Metflllio  antimony  is  but  little  used  alono ;  it  ia  principally  employed  fot 
tba  production  of  alloys,  in  which  it  eerrea  the  purpose  of  hardening.  Ita 
action  on  gold  is  y^ry  remarkable.  One  part  of  antimony,  with  one  thousand 
parte  of  gold,  ia  auMcieut  to  deatroy  the  working  properties  of  it,    Fruni  this 
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peculiar  fldioii,  llic  ancients  gave  it  the  name  of  rcgultfi,  or  tittic  kinrj.  The 
ulloy  of  antUuouy  and  iron,  in  Hie  proportioiiB  of  9  iioo  atiil  7  ntiUmouy,  is 
whi(«,  very  hard,  atid  briUle,  elighlly  mtiguotio,  and  fusible.  The  prindpal 
*iloy  Ju  iise  ia  that  of  nntiniony  and  lead,  in  Ute  proporticmB  of  4  lend  atid 
1  aatimoi^  for  t}T>o  racial,  0  lead  and  1  antLDiony  fat'  Htereot^pe  metal, 
Bntannia  metal  consiEta  of  100  tin,  &  antimoiiy,  3  bifimudi,  3  capper. 
Pewter  ia  sometimes  made  of  13  tin  aiid  1  autimony. 

Th<^  oxide  of  antimony,  or  antimony  ^lass,  is  used  in  the  manufacluro  of 
diiajaels,  and  of  coloured  pastes  for  imitation  gems. 


Biunnih. — Thla  ia  a  rare  m«tal,  but  its  distiagiiisbod  qualities  are  that 
it  b  very  fusible,  and  cau3e&  other  metals  to  liEicome  so.  It  melts  when  pure, 
«t  i-^^"^ ;  it  may  be  distilled  in  n  close  vpssel.  and  then  cryslaUzes  in  lamiiia, 
It.  ia  very  briUIe,  like  antimony,  tuid  of  a  brilliant  IixsItg  ;  ita  colour  ia  ivhito, 
lendiag  to  Ilofihcolour*  Its  specific  gravity  ia  O'tit^i,  which  may  bo  iiicrtiiised 
to  Q'^^  hy  hammaring.  It  eicpaud^  lu  the  act  of  cooling,  irUich  rendcra  it 
peculiarly  suitable  fur  caetings. 

There  aro  many  minorala  which  contain  bismQih,  hut  Ihey  do  not  often 
occur  iii  such  quantities  aa  to  make  Uie  cxtractioii  of  tha  tnotal  prolitablo. 
The  metal  is  not  very  valuablfl^  and  notwiUiatandiug  iLs  scarcity,  it  is  sold  at 
a  low  price.  It  occurs  native,  and  ia  then  easily  obtained.  Ntttive  biamulh 
is  found  in  jVmtiHca,  whc-ra  it  is  associated  with  iVDlfram,  galoua,  Vlcndt, 
and  quort?: :  botli  ui  Jlonroo  county  and  South  Carolina :  and.  of  coiiras,  ia 
many  other  parts  of  the  world.  Sulphuret  of  bismuth  occurs  at  Iladdam, 
Connecticut.  The  carbon  'iA  foimd  in  the  gold  district  of  ChcsterCeld,  and 
Soutli  CaroUna ;  and  tho  sulphuret,  aud  lead,  and  copper,  at  Lubec  lead 
Tniocs,  in  Maine.  TeUuric  bismuth  estistft  in  the  gold  rogioua  of  Virginia, 
uul  North  Carolina.  Ail  ths  metal  in  market  is  obtained  nlmost  exclusively 
from  cobaltspeisa,  at  the  smalt  works  of  Germany.  The  residuum,  from 
trliich  also  nickel  is  exLiaetcd,  contains  on  tho  average,  seven  per  cent,  of 
bismuth. 

The  compounds  of  bismutli  arc  dislinguisbcd  by  fusibility,  at  a  lowor 
degree  of  h(!al  tJian  most  motala.  Eij;;ht  parts  of  bi.t^mutli,  0  lead,  and  3  tin, 
mclta  at  ^0:^^,  Two  bismuth,  I  lead,  and  I  tin,  melts  at  a  little  k>uer  heaL 
The  fldJitioii  of  mercury  increases  tlie  fusibihty  of  llioBC  alloys.  Ono  bismuth, 
2  Un,  and  1  lead,  is  soft  aoldor  fur  pewtor.  Clit^hes  and  fitereotypo  metal  may 
ba  composed  of  ;^  load,  2  tin^  and  5  bismuth ;  this  alloy  mciU  at  lUO";  4&  Q 
bismuth,  HS'b  lead,  17  tin,  and  U  mercury*  ia  an  alloy  for  plugging  tcetli  ;  H 
fuses  at  149*.  An  amalgam  of  20  bismutli,  and  80  mercury ,  is  used  for 
adlvaring  tho  interior  of  ^la^(S  globes.  Like  antimony,  bismutli  roatlily  forms 
an  alloy  with  tho  alkaline  mctole.  Its  aiUnity  for  arsenic  h  very  weak, 
like  that  of  phosphoma ;  both  of  these  aubstauces  may  he  evaporated  from 
the  hot  iiiQiid  aUnoHt  cnUiely,  All  its  compounds  witlt  precious  metals  ore 
very  brittlu.  Bismitt3i  haa  been  propo.sed  luBtead  of  lead  for  refiniDg  siJveT ; 
but  the  experiments  performed  with  it  were  not  satisfactory.  A  compound 
of  tin  aud  bismuth  is  strongcTi  harder,  and  more  soncrrous  than  puro  tin ;  and 
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for  t^mnQ  TcosouB  it  19  aHlded  U>  p«wter.    An  alloy  of  equal  pmis  of  lend 
and  bi^uiuUi  la  heavier  than  tho  moan  dezuity  of  the  twa  uioULi,  it 

Bismuth  is  scarcely  eyer  used  alone ;  it  b  duefly  employed  for  iropBTting 
fmbility  Ld  tiltoyg.  Besides  the  ahova-meDtioned  Applications,  it  is  used  in 
thd  alloys  of  wlucb  8ftfety-plat«B  tuid  pltiga  iu  steaoi-boilers  are  made*  Its 
Ozid^a  are  used  as  coBmctics ;  also  as  pnints  and  priuting  cqIqutb. 

The  operation  of  amalting  Lifimuth  la  extremely  simple ;  tJie  metal  IxaTtng 
but  a  weak  Qifuiity  for  other  flubstaucea,  is  obtained  by  aimplj  hc^ating  its 
on,  in  a  Li<]uation  furnace  m  a  cast-iron  retort,  set  at  on  angle,  at  the 
tdghcst  part  of  which  the  crude  ore  m  charged ;  at  the  lowest  angle  is  placed 
a  caat-irun  bowl,  into  which  the  metal  flows.  About  half  a  liundredweight 
of  broken  ore  is  charf^ed  in  each  retort,  of  which  ilicre  are  usually  four  in  a 
fuma^^e  Ktde  by  eide.  This  quantity  nearly  lialf  fills  a  retort^  so  that  the  upper 
part  of  it  IS  empty.  The  lower  end  ia  closed  \iitli  a  clay  plate,  or  alah.  pro- 
vided with  an  aperture  for  the  discharge  of  the  melted  metal.  The  pipcA, 
when  properly  ignited,  soou  cause  the  iioetal  to  How  into  the  diah^  which 
contains  some  cliar coal-duet.  By  fipplyin^^  a  brisk  fire,  aud  stirring  Uie 
ore,  all  the  metal  eonUiiucd  in  it  is  obtained  witltin  half  an  hour,  the 
residuum  is  scrnpcd  out  of  the  retort  into  a  trough  with  \i'aler,  and  the 
pipes  lilled  aireBh.  About  a  ton  of  era  is  smelted  in  a  day  of  eight  hours- 
The  metal  is  remelLedt  cast  into  iron  moulds  in  the  form  of  ingota,  and  ia 
tiOTV  ready  for  Hie  market. 

The  metal  tlms  obtained  16  not  pure :  but  it  may  be  puriiied  by  remelting 
in  &  flat  eorllien,  or  rather  a  bone  ash-dieh,  at  a  low  heal,  reino\ing  the  droea 
aa  it  appears  on  the  surface  of  the  metal.  It  is  advisable  to  melt  the  m^tal 
thus  obtained  in  a  purer  fonu,  in  a  black-lead  pot,  and  then  cafit  it  into  the 
mould  for  ingots.  Biamuth  cannot  be  freed  from  silver  by  tlieae  means,  in 
consequence  of  vrhich  the  article  of  commerce  always  contains  soni«  of  that 
tnetoL 

Xi«ad. — This  ia  a  metal  generally  known.  When  pure,  it  is  blne-vrbite. 
of  high  lustre,  and  extremt^jy  soft.  It  ia  almost  inelastic,  and  may  be  bent, 
Kheu  in  gheets.  lil^e  teather.  This  softness  admits  of  its  being  used,  like 
graphite  pen<-ils,  for  writing  on  paper.  Its  epeeific  gravity  ia  11*44;  or, 
\vhen  pure,  only  ll-iJS.  Lead  admits  of  being  rolled  into  thin  sheetR,  and 
ia  caBily  drawn  into  pipes;  it  has  little  adhe&ive  strength.  It  melta  or 
crystallizies  at  fiOff  ;  some  assert  that  it  docs  not  melt  at  thut  dep:re«  of  heot, 
hut  at  U(f  higher,  A  varintion  in  the  melting  heat  may  be  obserred  with 
most  othermetala:  impure  being  al way b  more  fusible  than  pure  metal.  'Wh^D 
common  lead  ia  exposed  to  a  melting  heat,  its  point  of  fusion  rises  ix-ith  the 
time  it  is  exposed  to  that  h<;at.  At  a  white  heat  lead  evapoYaies.  and  it  any 
be  obtained  cr^Gtallizcd  when  the  heat  is  gradually  diiuinidied  ;  sudden 
cooling  prevents  the  formation  of  large  crystals.  All  tjie  lead  of  commerce 
contains  iron,  copper,  nud  until  Mr.  PatinBona  diw;oifery,nioreor  lesaailviT. 

A  huge  nmnher  of  minerals  contain  lead  ;  but  the  chief  sounrc  of  tliia 
metal  ia    galena,  from  wLich  ore  lead  is  chit'fly  obtained.     Load  occurs 
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native*  but  it  ig  of  little  practical  use.  It  occiira  in  combination  with 
Biilphtir,  selenium,  tellQritira,  antimony,  oxygen,  and  oth^r  substan^sa. 
Moat  of  the  varietieB  of  lead  ore  cnomcrated  in  niinGralogical  works,  occur 
in  eombmftlion  with  tbo  aboTo  ;  fe\T  of  ilieniT  however,  arc  used  for  tUe 
manoiactnre  of  the  metal;  these  ores  form  mere  cabinet  specimeRS. 

The  principal  lead  roxnea  in  Great  Britain,  are  in  Corawall,  Devonsliire, 
Somerset,  Derbyshire,  Cumberland,  Westmorland,  Denbighsldre.  Monmouth- 
sliire ;  in  Scotland,  on  the  borders  of  Dumfriesshire,  and  Lanarksliire :  in 

land,  Wicklow,  Wexford,  Clarij,  and  county  Down.    Phosphate  of  lead 

uxs  at  almost  every  lead  mine,  as  a  faint  groen  or  gray  substance,  either 
crystallized  or  witkont  definite  form  ;  chlorides,  snlphatea,  and  otlier  salts 
of  lead  are  aUo  found ;  but  they  are  of  littlo  interest  to  the  motoUnrgist. 

Sulphuret  of  lead  may  be  considered  the  matdx  of  all  other  lead  orea ; 
where  they  exMt,  we  are  sure  to  find  galena.  It  is  aliivays  crystallised,  how- 
ever minute  the  crystab  may  be.  The  form  of  tho  crystal  is  a  cube»  com- 
poaed  of  rectangular  platos.  The  colour  of  tlie  ore  ia  gray,  similar  to  that  of 
the  poliahed  metal,  which  it  also  reaeraWea  in  luetre.  It  forms  a  gray 
metallic  powder,  when  mbhed.  Its  specific  gravity  ia  T-a  to  77.  Galena 
consists  of  HO  (10  lead,  and  13  34  sulphur.  The  ore  contauis  also,  at  times, 
selenium,  nine,  silver,  copper,  lintimony,  and  other  metals.  Silver  ia  the 
m^ost  valuable  of  these  udmixtnres,  and  is  now  extracted  Irom  the  metal 
by  a  process  firetinvontedand  patented  l>y Mr.  Pattinson,  Newcastle-on-Tyae. 
This  operation  ia  as  foUowB : — a  aeries  of  hemispherical  uon  platea  are  ranged 
aide  by  aide,  each  having  a  separate  fire-place.  On©  of  the  pots  is  charged 
with  about  five  bras  of  lead  ;  when  melted,  the  surface  is  ekimmcd  in  order 
to  remove  tlie  impurities  thrown  up.  The  fire  is  then  withdrawn,  and  tlie 
lead  gradually  cooled*  Wlien  the  proceas  of  crystaUization  begins,  the 
crystlds  are  T\ithdrftwn  by  means  of  ladles,  perforated  so  as  to  allow  the  nn- 
cryst&llized  portion  to  mn  through :  tho  crystals  retained  in  the  Indle  are 
tnmaferred  to  the  second  pot,  where  they  are  again  melted,  and  again 
CrystaUization  takes  place.  Tliis  process  is  continued  until  th"^  remainiog 
portion  of  the  lead  iit  so  rich  in  silver  as  to  contain  from  two  to  three 
hundred  ounces  per  ton,  which  is  extracted  by  the  process  of  c^ipellfttion. 

German  galena  cout^ins  from  '0^  to  (i(>  per  cent,  of  silver;  tlie  English, 
•0:3  to  *0S  ;  the  ore  at  ^fonroo  county,  ^  per  cent ;  Eaton,  North  Havanna, 
•I  per  cent.;  and  tliat  from  the  State  of  Arkansas  may  contain  from 
*001  to  '05  per  cent.  Galena  occura  in  beds  nnd  veins,  hotli  in  crystalline 
and  stratified  rock.  It  is  often  associated  t\-ith  blende,  iron  ore,  copper 
pyrites,  and  a  variety  of  other  lead  orea.  It  occura  in  gangue  of  heavy  spar, 
,c  apar,  quartz,  and  other  snbsttmces.     The  most  extensive  deposits  of  it 

the  UniUtd  States,  are  in  Missonri,  Illtnios,  Iowa,  IrVisconsin.  ArlianaaB, 
A.  North  Carolina,  and  California.  The  lend  ores  of  MiasoTiri  extend 
over  3,000  square  miles*  From  the  Mississippi  river,  about  sixty  miles 
above  St,  Louia,  tliey  extend  seventy  niiles  in  lenj^^li,  and  fortj'-five  milea  in 
width,  over  a  sterile  rolling  country,  a  highland  prairie.  The  soil  is  reddish, 
coloured  by  iron,  with  clay,  fnll  of  flint  and  quartz  pehbleB»  to  the  depth  of 
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tea  or  tvvcuty  fc«t..  Tbo  Idftd  regioii  of  Wucondn  is  equally  ext£:i£ive  u 
Lhat  of  MiBsoiui,  if  not  more  aa ;  it  comprises  about  A.OOU  Bqumre  miles, 
extending  into  Iowa  and  lUiuoia.  The  diggiiigs,  ot  mines,  Jdi  theae  regions, 
do  not  often  exceed  adeptb  of  twenty  five  or  tliirty  feet,  Imnacnse  mosBesof 
ore  have  been  extracted  from  these  ditehos.  Galena  is  not  free  from  foreign 
met&ls,  of  whicL  &ilver  is  always  present  This  ore  is,  tbereforo,  not  oiJy  an 
accidfintal  silver  ore;  but  it  may  ba  conaidered  ftrgentiforoua  in  ftU  ita 
Tui«tiea.  The  finiount  of  silver  in  le-Ad  ore,  ia  eadlj  ascertamed  bj  an 
assay,  and  ouglit  to  be  thua  determined  ivhen  it  ie  doubtful.  As  a  geaeial 
rule,  we  may  state,  that  tlie  purest  lunds  of  gnlf^na  cont&in  the  least  ailver. 
The  ores  of  the  secondary  and  younger  formation,  particularly  the  ore  of  Hie 
limcatone  of  that  period,  ia  alnaya  poor  ia  aOver.  All  deposits  of  galena 
whiah  occur  in  heavy  masdee.  are  abo  poor  in  silver.  G  aliens  which  in  BHiall 
vdnfl  ramifies  a  stratilifid  rock,  ia  generally  rioli  in  Bilrar,  and  the  smallcfit 
branches  and  forks  are  richest.  The  beavteat  deposits  of  galena  occur  in 
limestone  rock»  The  dimEDsioDB  of  a  vein  diminish  as  it  penetrates  sand- 
stouG  strata.,  and  grow  still  Bmailer  in  traversing  shale  or  slate.  In  these 
rock^  the  metal  ia  frequently  rc*placed  by  clay  or  fragments  of  rock,  and  the 
vein  does  not  show  any  ore. 

A  very  ei:tenaive  use  of  tlie  alloys  of  lead  ia  made  in  type  metal.  Nine 
lead,  and  1  antimony  forms  common  type  metali  T  lead,  and  1  antimony  is 
need  for  large  and  soft  type ;  0  lead,  and  1  antimony  for  large  type  ;  5  lead, 
end  1  antimony  for  middle  type :  4  lend,  and  1  Bntunony  for  emal]  type  ',  and 
^  lend,  and  1  antimony  for  the  amallefit  kinds  of  ^Tpe-  Type  met^  frequently 
containH  tin,  copper,  bismutli,  and  other  metals.  Stereotype  metal  is  gener- 
ally lead  alloyed  with  antimony,  in  tlio  rates  of  four  to  eigjit  of  the  fonnnt, 
to  one  of  tlie  latter ;  Lo  thia  is  always  added  aome  bismnth,  tin,  ai^  fre- 
quently a  Jittle  copper.  Soft  eolder  varies  from  fi6  lead*  4o  ^'-i  lead  in  100 
parte,  tlio  rest  is  tin.  A  small  amount  of  bismuth  renders  lead  tougher ; 
equal  parts  of  each  and  biBUiutli*  form  a  brittle  alloy.  Lead  and  tin  melt 
togetlier  in  all  proportions,  fotming  a  Larder  and  tougher  metal  than  either 
alone.  A  small  addition  of  lead  to  brass  causes  the  latter  to  be  tougher  and 
more  suitable  fur  use  in  the  machine  shop.  Lead  baa  a  strong  affinity  for 
carbon ;  o^dde  of  lead  mixed  with  fine  carbon,  and  heated  in  a  covered 
crucible,  forms  a  blaek  carburet  of  lead.  L«ftd  unites  with  potassium  or 
sodium  like  antimony,  but  docs  not  absorb  su  large  quantities  of  the  alkaline 
metals  as  tlie  latter.  Arsenic  baa  a  strong  afiinity  for  lead,  and  combines 
with  it  on  coToring  melted  lead  witli  arsenious  acid ;  arsenio-Iead  and  oxide 
of  lead  i^  thus  formed.  Thisalloy,  08  lead,  and  2  arsenic,  is  used  for  making 
shot,  by  dropping  tlie  fused  metal  from  a  high  elevation  in  a  shot-tower,  into 
a  basin  of  water  ;  or  tlirowin;^  the  fluid  metal  down  a  stcck  of  Lbnited  height, 
in  wliich  a  strong  draught  of  air  is  produced  by  n  blastmachine.  Marcnry 
amalgamates  very  readily  witli  lead.  A  rod  of  lead,  bent  in  the  foitn  of  a 
syphon,  will  transfer  mercury  from  one  vessel  to  another  in  the  same  manner 
as  lamp-wick  conducts  ail.  An  amalgam  of  lead  CfjstalLijEeB  similar  to  that 
of  goldt  from  which  the  Buper:Suou3  mercury  ma}'  be  sepaiatetl,  by  pres&dng 
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it  tbroi]gh  Imckskia.  Copper  and  le&d  do  not  combine  vurj  readily,  tli^y 
require  a  white  heat  for  union.  T3n3  alloy  thus  formed  under  the  influenoa 
of  ft  hi^h  heat,  must  be  suddenly  cooled,  or  both  metals  will  separate  in 
cooling.  Lead  may  bo  separated  from  copper  by  Hqtintion,  aa  practised  in 
ro&UJjgtin  ;  but  all  the  lend  cannot  be  removed  by  these  means  ;  a  amaU 
quantity  always  adheres  teuaciously  to  copper.  This  alloy  la  britde  ;  a  little 
lead  is  injiirious  to  copper.  Organ  pipes  consist  of  load  alloyed  vdth  tin^ 
about  half  and  half.  This  alloy  ia  ca^t^  instead  of  roUed,  in  the  deeired 
fonn  of  sheets,  in  order  to  obtain  a  crystallised  metal,  which  produces  a  fmar 
e.  The  sheets  are  formed  in  castiu^'  the  metal  od  a  homontal  table,  tho 
okQess  IS  regulated  by  tlie  height  of  a  rib,  or  bridge,  at  one  end,  over 
ich  the  superAuoua  metdl  flon-a  oiT.  The  rough  sheets  thus  obtained  are 
planed  by  means  of  a  carpenter  s  plane,  bout  ap,  and  soldered.  An  alloy  of 
iU  lead,  and  i^  tin,  fiirms  a  motal  of  high  lustre,  which,  when  cast  OTer  a 
polished  glass  or  metal  plate,  shows  a  most  brilliant  poUsh,  When  ^nds  of 
glass  rods,  preriously  (ground  to  the  forms  of  cut  precious  stones,  are  dipped 
into  tills  melted  alloy,  convex  metnl  cups  are  formed,  which  resemble  the 
sparkling  of  diamonds.  This  alloy  is  soft  and  cannot  bear  wiping  with  a 
clot]]. 

The  application  of  lead  for  pipes,  cb^terns,  and  domestic  uteualLs  is 
generally  known^.  It  in  extensively  used  in  manufacturing  white  paint, 
wbil^lead.  And  carbonate  of  lead,  The  rich  coloura  of  chronium  are  ohiefly 
lead  and  that  luctal.  The  salCa  of  lead  are  poisonous  ;  and  those  who  mako 
use  of  thi*  metal  for  conducting  water,  or  forming  cooking  utensils,  onght  to 
reflect  before  adopting  it,  inasmuch  as  the  softer  and  purer  the  water,  tlie 
greater  danger  is  to  be  apprehended  from  this  pernicious  deposit.  Lead  in 
ab#etfi  is  sometimes  inserted  in  foundation  walls,  for  pievanting  dampness 
in  dwellings.  It  is  worthy  of  attention,  tJiat  iron  bars,  fastened  by  moans  of 
lead  into  stones,  have  been  protected  against  corrosion  by  this  metal;  w^i 
And  iron  rods  in  old  buildings,  which  have  been  preserved  for  ceuturieu  in 
this  manner.  ^ 

The  totul  annual  production  of  lead  may  bo  estimated  at  about  130,000 
tons;  of  which  the  United  States  funiiah  about  ilO.OOO  tons;  Spain  30.000 
tons  ;  and  I^ugland  -lU.UOU  ;  the  remainder  is  manufactured  in  other  parts  of 
the  world, 

Altltough  lead  may  readily  be  revived  from  ite  ores,  by  applying  a 
moderate  heat  and  by  simple  means,  yet  to  obtain  as  much  metal  as  possible 
at  tlio  least  cost,  htia  given  rise  to  a  variety  of  forms  in  furnacca,  mid  methods 
in  the  treatment  of  orcB,  Galena  is  reduced  E^prnply  by  melting  it  in  a  black 
pot.  If  a  western  backwoodsman  wants  shot  or  bullets^  hG  will  hindle  a  fire 
in  a  hollow  tree  or  an  old  stump  of  a  tree,  placo  some  galena  on  the  charred 
wood  and  melt  it  down.  Aftur  cooling,  ho  finds  the  metsl  at  the  bottom  of  the 
hollow.  Formerly  lead  was  smelted  in  log-furnaces^  in  Missoun— a  rude 
kind  of  Bfjuaro  furnace,  constructed  of  logs  or  stones.  The  front  wall  of  kucL 
a  furnace  is  about  eight  feet  wide,  and  seven  feet  higb.  Tlio  henrtll  in  the 
bottom  of  the  interior  is  about  two  feet  wide,  eight  feet  long,  and  ten  or 
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twelve  inotiea  high,  forming  ledgea  or  boshes  with  the  Bide-wollB  one  fi>ot  in 
width.  Tho  arch  in  front,  which  admits  ait  iato  the  fiirnftce,  is  about  two 
feet  hij^h  nnd  vndc,  and  is  temporarily  shut  hj  stones^  claji  or  brick-  A 
basin  in  front  of  tlie  furnace  receives  the  insed  m^lalTf^ont  whi^^h  it  i&  ladled 
into  the  pig-moulds.  Tlio  operation  in  this  famnce  was  simple  ;  a  layer  of 
heavy  logs  was  pludfiti  horizontnlly  in  the  holtoin  :  then  billets  of  split  wood 
were  set  upriglit,  and  these  covered  Tvith  galena ;  tho  top  of  tlio  or*j  wbs  covered 
by  email  wood.  A  fire  kindled  in  tJjo  front  wch  will  char  Uie  lo^er  ptita 
of  the  wood,  first ;  and  by  the  time  Uje  heat  is  coiivej^ed  to  the  ore  sulBcicat 
for  melting,  tho  hot  charcoal  belo-w  vnH  expel  siilphur  and  precipitate  the 
mt'tiJ,  wliich  flows  out  as  it  is  formed.  One  heal  requires  twentyfonr  horns. 
after  wliich  the  fumace  is  cooled  and  the  nshea  removed  ;  then  it  is  chai;ged 
anew.  About  50  per  cent,  of  metal  is  tlius  obtained  from  th«  ore.  The 
afihes  which  remain  oontain  much  metnl,  and  are  £ubject«d  to  a  second 
smelting  in  the  aflh-fiiniflce.  Both  these  kinds  of  ftimacea  are  now  obsolete ; 
they  are  replaced  by  more  perfect  ones. 

In  tlie  eyhtem  of  smelling  lead  ores  there  la  more  variety  than  in  any 
other  class  of  Bmclting  opcmtjons,  "W^e  shall  describe  these  methods,  and 
ftUude  to  Euch  spparatuB  and  operations  only,  as  are  np^woved  of  at  the 
preaent  time. 

The  metliod  of  Emeldn]^  load  at  the  north-we&tem  mines  in  Winconsini 
Missouri,  and  th*?  adjoining  States.  13  to  pick  the  ore  well  by  hand,  and 
remove  gangufii  which  consiats  chiefly  of  heavy  spar  and  quartz,  and  tbeo 
Rmelt  it  in  rererberntory  or  blast-fiamacca.  The  rich  alags  obtained  by  these 
processes  are  once  more  subjected  to  smelting  in  a  eiag-furoace.  There  is 
not  muoh  difference  in  tlie  form  cf  Uie  reverberatoTy-fuirtaces  for  Bmelting 
lead  or  other  metdls.  The  famace-hearth  for  smelting  lead  is  ohout  eight 
feet  long,  and  six  feet  wide ;  tho  arch  is  twenty-four  or  twenty-six  inches 
above  the  bottom.  There  are  two  or  three  small  work-doo^,  on  each  side  of 
the  ftimace,  besides  tho  tap-hole  for  tlie  metal,  and  one  for  tho  scoria.  The 
hearth  is  formed  of  poor  refractory  slags,  firmly  rammed  down  to  form  a 
basin  towards  the  tap-side.  From  this  side  the  metal  is  nin  Into  on  iron 
kettle,  6rom  wliich  it  i^  ladled  into  moulds.  In  Uie  middle  of  the  roof  there 
is  an  aperture  for  charpinfr  the  ore  into  the  furnace. 

\S1ien  tlie  furnace  is  heated  nnd  charged  with  about  a  ton  of  ore*  a  pentle 
heat  is  applied  for  the  firat  two  hfjurs.  All  the  doors  are  closed  during 
this  interval,  and  the  register  at  the  chimney  is  lowered.  I>imng  this  pro- 
cess of  Bwcatingt  some  metal  is  separated,  and  gathers  in  the  hasjn  of  tha 
furnace.  When  tha  oro  is  thus  unifonnly  heated,  some  fine  chnrcoal  is 
thrown  into  tho  furnace  and  mixed  with  t]io  Kla^.  The  metal  thus  ibrmed  is 
tapped  offf  the  heat  raised,  and  then  the  slag  is  diligently  stirr&d,  "When  Uie 
charcoal  mixed  with  tlie  ore  is  nearly  conennied,  more  is  thro^'n  in.  and  the 
slag  and  coal  are  tiinjod  over  logetJier  by  means  of  paddles,  or  iron  bars 
flattened  nt  one  end.  This  operation  of  altematelr  thro>ving  in  fine  co&l, 
mixing  it  willi  the  ore  and  tapping  metal,  is  continued  until  nearly  all  of  it 
is  exhausted  &ora  tlic  ore.    The  heat  in  the  furnace  is  a  dull  red  heat*  kept 
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up  raLlier  by  means  of  the  btmiiny  sulpliiir  tlian  tlitj  combustjon  of  any  fuel 
the  gr&te.  When  the  metal  is  nearly  cs;^:^^!^!!  from  tlio  ore,  the  heat  is 
gradiudly  raised  on  it.  At  last  Home  ft;w  shoTols-fuU  of  quicklime,  with 
some  charcoal,  are  thrown  in,  and  this  mixed  witli  tlie  ore,  and  to  it  a  strong 
heat  is  imparted.  This  generally  brings  out  all  the  metnl  which  can  be 
oblBiued,  aud  which  aoiotuits  to  about  seventy  two  per  cent,  of  tho  ore  at 
the  western  furnaces.  The  slag  which  is  removed  after  the  t^harge  ia  ex- 
hausted, 13  subjected  to  re-smelting  in  the  Hla^-fumace.  About  lour  hours 
a:t&  required  for  one  heat  at  a  £niu^<iQ  i  smelting  about  four  tone  of  met^  in 
twenty.four  hours. 

The  blast-furnaces  in  us©  for  the  reduction  of  galetia,  are  about  six  or 
iven  feet  liigh.  and  twelve  inchca  wide.  They  aro  ivorlced  by  a  tuyere  ia 
back  of  thfl  furnace.     The  interior  does  not  materially  differ  in  form 

m  a  common  cupel  oven,  with  the  e£ce2^Uuii  of  being  5qunro«  nud  Imvijig 
on  open  tymp  ;  it  requires  no  particular  description.  The  operation  of 
amelticg,  which  we  shall  describe  hearafter,  is  very  glmple.  In  the  western 
states  tlio  fiu^nace  is  fed  with  charcoal,  of  which  ten  bufihela  are  consumed 
for  sfuelting  one  ton  of  lead;  besides  1-IUth  of  a  cord  of  wood.  Xhreo 
thousand  pounds  of  ore  fumiah  about  a  tou  or  ^,100  pounds  of  metal,  which 
maltestheyieldfiiiventypcrocnt.  Three  hands  are  required  to  attend  a  furnace. 

Thtii  elagu  obtained  from  the  reverberaloiy  and  the  blotit-fumace,  and 
those  from,  all  ash-fturiaces  of  the  lead  region ,  oro  re-emelted  in  the  elag- 
ftlmace.  This  is  a  low  furnaco  about  two  and  a  half  or  three  feet  high,  and 
about  twenty-four  inches  squarCj  or  the  horizontal  section  forms  an  oblong  of 
tweuty  two  by  twenty-aix  inches.  The  hearth  in  which  the  reduction  is  per- 
formed, is  eoQstrueted  of  cost  iron  plates,  so  that  no  lead  may  be  lost  in  dis- 
solving the  hearth^&tones.  The  front-plate  is  expoiicd  to  tlici  Ore,  tlie  othtirs 
are  covered  by  Iteavy  charcoal  dust ;  tlie  bottom  slopes  very  much.  Some 
of  these  lurnaccs  are  not  provided  ■nitli  iron  plates ;  tliey  are  consequently 
much  exposed  to  injury  by  tlie  fused  alag,  and  cause  in  eotiseqiience,  loss  of 
metal.  In  front  are  two  iron  basins,  one  rec:eives  the  melted  lead  aud  scoria 
as  they  isane  from  the  furnace ;  the  lead  remains  iu  the  first,  and  the  scoria 
runs  over  the  top  of  it  into  the  aeeoud  bayin,  and  as  this  is  hiled  with  culd 
water,  it  in  cooled^  files  into  small  pieces,  and  is  thu3  ehovelled  out  und 
thrown  aside.  Thq  alaga  before  they  are  subjected  to  reduction  in  these 
furnaces,  are  eitlier  pounded  in  a  stumping  mill,  in  order  to  recover  grains 
of  metal  wliich  may  happen  to  be  inclosed  in  them,  or  are  simply  broken 
into  pieces  of  the  si/e  of  a  hen's  egg,  by  means  of  a  hammer  or  pounder* 
The  yield  of  a  revcrbtiratory-fumaco  is  equal  to,  and  sometimes  by  smelting 
rich  alaga.  superior  to  thntof  the  blast  furnaco ;  2,'Mi  poundti,  and  frequency 
tnore,  lead  ia  smelted  in  twelve  hours.  The  slags  obtained  are  by  no  means 
free  &om  oxide  of  lead ;  it  contains  as  much  as  twenty  per  c^t.  of  metal. 
Charcoal  is  lu  general  use  ns  fuel  in  tliese  furnaces. 

At  tlte  English  mines  tho  ores  are  subjected  to  a  mechanical  purificaticin 
before  sending  thorn  Uithc  smelt-worlts.  The  crude  ore  is  aasorted  by  hand, 
after  which  it  is  Bubjected  to  grinding  between  fluted  rollers,    When  the 
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bj  hand,  the  use  of  sieTes  and  water 
le&din^  object  in  thifl  case  is  to  force 
in  wliich  a  couple  of  inches  of  ore  sand 
tlirotigh  iTiB  Blratnm  of  ore  vvi]!  ttobg 
ones,  which  finnllj'  form  the  lowait  etra 
tho  success  of  the  operntioD  if  tJio  ivatcr 
is  moved  ;  \ho  iir&t  plnn  has  been  siiccesi 
to  drive  water  tlirough  Htaiiajia.rj  sieves. 
JB  Hobjected  to  wnsUing  in  d,  cistern,  siin] 
the  oro  is  washed  in  tt  short  liibymith. 

TVhen  tlie  heartli  is  formed  by  refuse, 
settled  by  heat,  the  ore  is  chftrjfwl  thrOT 
amount  of  twenty  hundredweights  at  onci 
n  gentle  bent,  so  aa  to  expol  most  of  the  b] 
turefi  in  tho  fumnco  are  closed.  At  tlie  ex] 
opened,  and  the  reduction  of  the  ore  ^odl 
email  charcaal,  stiningtliic  innHs,  and  tnpfp 
fllftg  which  passes  out  with  tlie  metal  ia  rel 
with  t!iG  other  slags.  TiVhen  the  ore  ia  aJ 
qnioMinie  ia  Uirown  in,  a  strong  heat  is  fi| 
which  may  be  ol;iained  in  rcmoTert,  the  i 
cha^^e  of  ore  lb  introducetL  From  four  fl^ 
for  the  extraction  of  tlie  metal,  after  tiA 
twenty  to  twanty-fivo  per  cent,  of  metal,  i 
a  ton  of  inferior  mineral  coal  ia  conBumeSl 

*Xhe  rich  alags  produced  either  in  di 
furnace,  are  re-Bmelted  in  tlio  sliig-fumaod 

In  France  tlie  gmelUng  of  lead  ores  iai 
baratorr-fumjiceg.  with  th^^si^^m^yi 
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In  Gennftny,  generally,  the  orea  are  puriiied  by  htmd ;  washed,  stamped, 
ftnd  washed  agam,  and  roasted  witli  salt,  or  iron,  or  iroD  ore. 

The  roasted  ore  ia  Bmclted  in  blaat-fumacea,  wliicli  nre  from  twelve  to 
fourteen  feet  high.  Tho  front  or  tpmp  of  tho  furnace  is  walled  up  with 
brielra,  which  are  temporarily  put  in  with  ctny  mortar.  The  width  of  tlie 
fiimoce  19  frora  twelve  to  fourteen  inches  square  or  oblong.  The  hearth  or 
ttom  of  the  furnaoOp  is  formed  of  a  mixture  of  loam  and  charcoal  dnst 
y  rammed  in.  The  basin  outsida  of  the  tymp  contains  the  lead  which 
is  tapped  oS  by  opening  a  tap-hole  oammunieating  mth  its  bottom.  The 
slags  are  conducted  on  a  elope  to  a  basiu  wherein  th^y  are  accumulated  for 
nc-amelting. 

This  furnace  may  he  fed  either  by  charcoal  or  coke  ;  the  latter  requires 
a  blast  somewhat  stronger  than  the  formor,  but  in  no  caaa  more  than  one* 
half  or  three  fourths  pound  pressure^  A  fan-blowor  is  aufficiont  for  charcoal ; 
coke  requires  a  cylinder  blast.  Coke  operates  as  well  as  charcoal,  and  yields 
equally  aa  much  and  as  good  metal  lirom  the  ore  as  tl)e  latter.  In  working 
the  ftffnaofl,  it  ia  warmed  previously  to  charj^g  ore,  which  is  mixed  with 
lluxes,  such  as  litharge,  iron  ore,  cale-apar,  fluor-fipar,  or  other  substances. 
Fuel  and  ore  are  charged  alternately,  as  at  any  other  blast-furnace.  The 
blast  is  generaUy  ur^ed  in  case  charcoal  is  the  fuel.  The  metal,  or  motola, 
gaUier  below  the  tuyere  in  the  basin  of  tlie  hearth,  and  separate  iutovorioxiH 
atrata;  pure  Idod  and  all  the  silver  is  at  the  bottom :  upon  this  there  Ib  a 
itnUum  of  alloys  of  lead  and  otlier  metals,  and  on  tlie  top  a  stratum  of  matt 
whidi  ifi  covcrod  by  the  poor  silicious  alaga.  The  latter  may  be  carefully 
drawn  off  and  reraoYcd  without  drawing  any  matt  or  metal.  Wlien  the  matt 
reaches  ao  high  as  to  admit  very  littlo  slag  on  its  surface,  the  blast  is  stopped, 
the  tuyere  taraporerily  closed  up,  and  tho  metal  tapped  into  the  basin,  Aa 
th«  purest  metal  ia  below  the  matt,  and  ih&  fiuuace  tapped  at  the  bottom^ 
IhJs  fiavta  out  first;  and  when  the  drawing  is  not  hurriedt  it  may  in  some 
measure  be  separated  from  the  impure  metal  and  the  matt  on  its  lop. 
Generally  the  metal  ia  tapped  ftom  the  ^mace  at  intervals  of  eight  hours, 
and  very  little  is  left  in  tlie  furnace.  When  it  is  thus  removed,  the  hearth  ia 
cleared  of  adhering  cinder  by  opening  the  t>mp,  and  the  operatioti  goes  on 
05  before.  A  continual  blast  of  six  days  and  nightv^  work,  may  tliue  be  made, 
after  which  the  furnace  is  cooled  and  thoroughly  repaired.  Tn  the  basin 
before  the  heartht  into  which  the  metal  has  been  tapped,  and  which  is  kept 
well  heated,  the  metals  separate  agidn  into  different  strata,  which  may  ba 
obtained  after  removing  tlie  cold  crust  of  dags,  as  it  forms  on  tho  surface. 
As  tho  purest  lead  is  at  the  bottom  of  the  basio,  it  is  ludled  out  nfter  the 
10^ upper  strata  of  alloy  and  matt  have  been  removed.  In  tMa  operation  the 
H^Kir  slage  ore  throvm  away,  and  the  rich  ones  and  matt  are  re-smelted  ^th 
^^ftt  ore. 

^K^  The  best  and  purest  kind  of  load  is  smelted  in  a  peculiarly  constructed 
P  ^Wferberatory-famace»  having  strongly  slopping  heartlia.  Tlio  hearth  is 
I  fenned  of  loam»  abont  twelve  inches  thick,  into  the  surface  of  which  a  layer 
f      of  flnely  broken  slags,  about  four   inches  tliick,  is  firmly  pounded,  and 


osstatauce  of  iron  in  bla^t,  or  elbow-fc 
cok«»  these  furnaces  are  very  low,  or  nc 
for  charcoal  thoj  ore  frotu  eighteen 
fomicd  of  fine  coaI  and  oky.     The  tj-m] 
is  about  two  And  £1  halffeift  b}'  fifteen  iii| 
is  Mtc€ii  inches  wide  and  round.    On  tl 
succession  of  chambers,  into  which  the 
tba  YoUtUe  metalfi  are  condensed.    Tbol 
the  deposition  of  volatile  metal  near  or 
hood  formed  at  the  tjstp,  and  which  c\ 
(chamber,  draws  in  tlie  vapours  of  thoae 

Tlie  ore  which  ia  smelted  in  these 
prepared,  pounded,  and  washed.     Instci 
jfl  used  vriili  success.    The  ores  maj  be 
obtained  in  great  purity. 

The  reduction  of  lead   ores  is  e>LtT4| 
smelting,  a  considerable  loss  of  metal  M 
cause  ol  a  close  examination  of  tlie  pij 
metallnrgical  operation  is  more  thoro« 
tho  reviving  of  lend.    Tliia  metal  ia  in 
tlie  bulk  of  which,  ia  obtained  from  leat 
cause  of  the  loss  in  lead  metal,  and  alsoj 
much  labour  and  ingenuity  has  been  ht 

In  the  smelting  of  cinide  galena  in  a 
15  at  tliQ  Gommcncemeut  of  the  opcratioa 
by  heat ;  metal  13  foiiued,  and  as  oitj'gq 
lead,  and  conaequently  sulphate  of  lead  j 
these  suhstAuces  depends  of  course  on  tiuj 
process.    When  after 
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abstracted^  The  roTiral  of  lead  from  iIlq  alag  causes  it  lo  be  moro  refroctojy 
at  the  end  of  the  operation  Ihim  it  "ivas  at  first,  because  the  stilphiiret  or  the 
oxido  g£  lesA,  which  ^as  Uxe  c&use  of  its  fusibility,  is  cLiclly  removed. 
WTien  the  slags  are  ao  pasty  as  to  inclose  grains  of  metal  which  have  not  the 
power  of  eeparaLLug  by  gravity  or  cohesion,  they  cannot  yield  any  metal, 
idthough  the  Tvholc  of  it  may  be  revived.  In  order  to  obtain  all  tlie  metul 
from  the  slag,  it  ought  to  he  at  least  as  fluid  as  the  metal  itself,  at  the  sanae 
degree  of  heat-  Such  «  slag  is  nut  easily  obtained  withoat  oxide  of  lead,  or 
sulphurets  of  other  metals.  Salts  of  any  kind,  s.uch.  aa  fluorides,  chlorides, 
and  fiulphate^,  form  the  best  ausdUiuriea  m  this  openLtion :  SLud  if  present 
only  in  a  Bmall  quautil^,  tliey  are  of  flemea.  Lead,  bismuth,  antimony,  and 
in  fact  all  the  fusibk  metals,  wiU  readily  fieporate  from  other  matter  than 
metals  I  in  virtue  of  their  gravity  and  cohesion  ;  hut  it  is  a  naQ^&sary  condition 
of  their  separation,  that  the  matter  T\ith  which  these  motels  are  combined, 
should  bo  fluid.  The  metal  cannot  separate  from  a  dry  slag,  an  agglutination 
of  its  particles  is  necessary  before  it  can  subside. 

A  fluid  cinder  is  necessary  not  only  for  the  agglutination  of  the  metallic 
particles,  hut  also  for  tlioir  production.  ^Vhett  a  dry  or  pulverulent  mixture 
is  mixed  with  cai'l»on,  oxygen  may  be  abstracted  from  it  by  tlie  carbon ;  but 
a&  the  newly-formed  p^trticle  of  metal  is  exposed  to  the  inJlnence  of  oxygen — 
which  it  win  absorb  from  tho  products  of  combustion,  if  it  cannot  obtain  it 
in  another  form — it  will  oiidhco  as  tiuickly  as  it  h  reduced.  If  metallic 
oxides,  or  aulphurets  and  slags  are  fluid,  tlie  addition  of  carbon  to  the  mix- 
ture will  deprive  the  oxidised  metal  of  oxygen ;  and  if  the  metal  aa  well  aa 
the  slags  conUntie  to  be  fluid,  the  latter  will  protect  tlie  flret  against  oxygen. 
The  fluidity  of  the  skgs  ^ill  also  admit  of  the  subsidence  and  gathering  of 
the  m^tolhc  parUcles. 

In  amelling  giUenjv  in  a  reverberatoiy-furnace  t  we  deprive  the  slags  gradually 
of  tho  means  of  fluidity  by  abgtracting  tliat  metal  fiom  them,  which  has  been 
the  cause  of  tbeir  fuaibihty.  Tliia  abstraction  can  be  carried  only  to  a 
certain  point.  Wien  the  slaga  a^Ase  to  be  fusible  at  die  heat  by  which  the 
meUil  melts,  they  must  cc'a^c  to  furuish  metal  any  fui'thcr,  liowover  much 
may  be  contained  in  them.  We  ijerceive,  therefore*  very  readily*  tliat  the 
quantity  of  metal  retained  by  tlie  slag  depends  entirely  on  its  fitsibiUty,  and 
not  on  its  composition.  Lead,  like  tJie  precioua  metals,  separates  easily 
from  all  other  matter,  and  thus  far  tlie  compodtion  of  the  slags  has  little 
effect  on  its  quaUty.  If,  in  operating  on  galena,  fluxes  con  be  introduced 
wliich  continue  tlie  fluidity  of  the  slags  at  a  moderate  hcat»  all  tlio  lead,  even 
the  last  partiele  of  it  may  he  obtained. 

The  fluidity  of  alikgs  depends  as  well  on  Ivcat  as  on  their  composition ;  we 
may  continue  tlie  fliudity  of  a  dag  by  increasing  tlie  licat;  thia,  however 
applicable  witli  gome  metals*  is  not  t}ie  fact  witli  lead.  When  tlie  heat  on 
metals  is  raised  beyond  a  certain  degree,  they  evaporate.  In  any  smelting 
operation  tliereforc,  it  should  not  cxioed  that  dcgi'eo.  MeliiUic  lead,  and 
especially  oxide  of  lead,  sulphuret  and  salts  of  lead,  ai'e  very  volatile,  and  a 
strong  hoat  on  them  must  be  avoided.    It  must  be.  tlierefore,  Hio  praetice  to 


il 


which  lead  ia  emeltcd  taont  profita^lj, 

A  alag  which  had  been  deprived  of 
ation  in  the  reverbcratoiy — Kxteen  hon 
of  oxide  of  ko4.  03' a  oxide  of  iron,  11 
also  17  silex.    This  showa  that  the  laat 
lead,  when  all  utfaer  substances  \xre  oxid 
free  from  milpburt  trnntamed  51  stilphal 
l'!>  finoric  acid^  ^^  protoude  of  iron,  ojid 
from  impure  galena,  that  ib,  an  ore  Ira 
separated,  waa  composed  of  30  sulphate 
gjpsuTO,  Hb  fluoric  acid,  14  T  carhanato  ( 
toiide  of  iron,  9  oxide  of  zinc.    A  very  : 
met&l,  cotttnined  i)  ^phatei  of  lead*  1(0  i 
lime,  l^'O  Unorjc  acid,  8>l  Ume,  2  oidde  t 
rontnins  tbo  least  iGpdf  and  largo  qnanti 
lino  oarthB  are  oambijiad  with  some  acidf." 
Tbo  last-mentioii&d  slag  is  produced  i 
merely  freed  hj  band  from  imptmtieBJ 
attention  to  it.     It  sho^t-s  el  very  rational 
the  furnace  in  the  common  manndr,  an 
rQGtal.    When  tlie  slag  becomes  too  bI| 
pulverized  flnate  of  lima  is  thrown  in  1 
rendovfl  the  barytas  and  gypaum  Iti^ibli 
tako   place.      So  loni^   as   the   fluidity  i 
fonned.     To  render  tliiB  operation  pro&f| 
in  a  considerable  quantity ;   but  its  thS 
propose  the  substituUoii  of  tlio  chlorind 
08  high  a  degree  aa  ihe  latter,  the  qua| 
inatance,  gypauiu    and  common   salt  mi 
1  Tl'        f  ^^^^^M^B^a^l^^M 
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metal  will  contain  much  iron  wtd  be  other^dsfl  impure.  Wiieii  im  ore  con* 
tftina  much  zinc  there  is  hardly  any  oilier  profitable  way  of  smelting  it,  than 
to  flu3C  bj  means  of  iron ,  eitlier  with  iron  -or©  or  pyritea ;  all  or  niE^st  of  the 
zmCy  remains  ihen  in  the  sing. 

Tho  slags  of  blast-furnaces  differ  someirhat  horn  tlioac  of  the  reverber* 
atory,  in  contoiiiing  more  silex,  and  in  most  cases,  less  lead.  A  skg  ivhich 
woB  formed  at  a  moderates  heat,  and  considered  as  exhatietcd  of  lend,  con- 
taitied  3 1*4  oxide  of  iron*  n  0  oxide  of  lead,  7  Mme,  0  Bulphtirefc  of  iron,  a 
little  mau^nese  and  oxide  of  ziof;,  and  SiH  silex.  A  slag  from  an  arg^nti- 
feroua  galena,  contained  404  protoxido  of  iron,  112  longneKla,  2  Bulphujret 
ofitoii,  d'O  alnmina,  imd  363  silex.  The  folloning  proportions  show  that  a 
large  quantity  of  lime  is  of  no  advoiitage ;  ^f»  protoxide  of  iron,  2-L  lime,  10*0 
zinc,  'i  oxide  of  lendr  7  alnnuna,  asft  eilex.  The  following  is  a  jyofitabU 
slag:  MH  protoxide  of  irtm,  OS  oxide  of  zinc,  2*4  oxide  of  copper^  7  man' 
ganese,  U'O  limo.  G  magnesia,  2  oxide  of  lead,  12  aulphuret  of  irotit  and  3'4 
almnmtt. 

When  ores  arc  exposed  to  a  low  heat,  they  hardly  enter  into  any  com- 
bination ivitli  Bilex,  and  of  these  the  oxides  only.  Sulphurets,  sulphatest 
chlorides,  fluorides,  and,  in  fact^  all  other  metallic  compounds,  do  not  com- 
bine nvith  flilex ;  it  is  only  after  all  other  matter  is  evaporated,  that  tlie 
oxidea  unite  with  that  acid.  We  may  smeit  lead  to  perfection  without  form- 
ing any  sihcate  ;  but  this  requires  tlie  presence  of  a  large  quantity  of  chlorine, 
fluorine,  or  ^ome  other  permanent  acid.  In  roantiDg  the  ores  before  smcltijig', 
we  are  deprived  of  the  adTantagcs  resulting  from  the  fuaibihty  of  the  std- 
phurets  and  acids^  and  are  compelled  to  form  Bi)i(rate?s,  becrauee  those  sub- 
atueea  whioli  form  a  Hnid  slag  in  the  low  heat  of  a  revorbcratory-fumacp,  eva- 
porate in  the  herit  of  a  blost-fiimncG  and  are  lost.  When  it  is  in  our  power  to 
term  a  fusible  slag,  eitltcr  by  means  of  fluates  or  chlorides  and  sulphates,  it  is 
more  prohtabte  to  smelt  in  a  reverberatory  tlicn  in  a  blaat-fumace,  and  pre- 
cipitate the  lead  to  witliin  a  few  per  cent,,  in  the  first  and  only  opera^on. 
In  this  instance  tlie  ore  needs  no  crushing  and  expensive  washing,  a  remomd 
of  the  coarsest  pieces  of  qusrb;,  add  of  tltc  loamT  is  the  only  labour  necesuij 
to  be  performed  on  it.  The  presence  of  quarts  will  not  influence  tlie  result, 
because  when  oUier  acids  are  present,  it  does  not  enter  into  combination. 
If  no  ntateriEiIs  are  at  band  to  form  a  fusible  filag,  either  by  natural  or  arti- 
jficial  mesnfl,  then  it  Is  neffCSsAry  to  roast  the  ore  and  stneli  in  the  blast- 
fumacc.  In  tliis  instance,  the  ores  muRt  be  roastecK  bocanse  the  sulpliureta 
are  very  volatile,  and  tvill  not  resist  the  heat  of  that  famace.  The  moat 
profitable  flux  ifi  the  protoxide  of  iron.  Lime  or  magnesia,  and  other  alkaline 
earths,  do  not  form  sniliciently  Uuid  slags  t4)  used  profitably. 

When  cirournstanccs  render  it  neccsBary  to  smolt  in  blastfurnaces,  the 
operation  ought  to  be  conducted  in  such  a  manner  as  to  obtain  all  tho  lead 
at  one  «in<}]ting.  Tliis  appears  sometimes  to  be  difficult,  but  it  ia  not  ao 
where  cheap  iron  oro  can  be  obtained  in  sufficient  quantity.  ^Vhen  a  slag 
or  ore  ia  to  be  exposed  to  smelting  in  a  blast-fumoce,  it  ought  to  be 
thoToughJy  oxidisted  :  because  if  nny  sulphur  ia  left  in  it,  oven  in  the  form  of 
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sulphate,  lead,  and  21110^  ara  tlie  first  to  evapuratc.  Xime  does  not  remore 
sulphur,  but  combines  with  it^  like  all  other  olltnlies.  Iron,  bccnufic  it 
absorbs  sulphur,  and  as  easily  parts  with  it,  13  the  uiost  BuitAble  suhstauce 
to  mix.  i^ith  the  eulpliureoui^  ore  for  the  purpose  of  oxidiitiLMi ;  it  fortuii  a 
fluid  alag  at  quite  a  low  heat  ynth  eilex,  and  is  thuB  far  the  beat  llux  in  the 
blast-fumoce.  Mangaues^e  sorres  equaUj  as  well  as  iron,  and  tnaj  be  eub- 
Blituted  for  it ;  but  no  other  metallic  oxide  can  be  substituted  for  these  two. 

When  smlphurets  of  lead  aro  roasted  in  the  air,  they  are  never  entirely 
liberated  from  sulphur ;  tha  moHt  carefully  roasted  lead  ore  contains  sulphur. 
Galena  roasted  with  extreme  care,  in  a  heap^  contained  IH  oxide  of  lea.d,  ^6 
sulphate  of  lead,  and  10  ^phuret  of  lead.  The  same  galena  roasted  duriiig 
Sevan  hours  in  a  revcrbtirator)',  formed  mstaUic  lead,  and  tho  roasted  ore 
powder  condst^d  of  30  oxide  of  kad,  40  gulphuret  of  lead»  17  metallic  lead, 
and  7  iron  o}Lide  and  Gilox.  When  other  metals  are  present  besides  lead, 
BUch  as  itoUt  zinc»  and  others,  they  are  oaddi^ed  beft>r«  all  the  sulphur  ia  re- 
moved. A  persevering  roasting  of  ten  or  tnalve  Ijoutb  in  a  reverberatory- 
fumace,  will  remove  much  of  the  sulphur :  but  from  eight  to  ten  per  cent,  of 
sulphate  of  lead  remains  in  a£l  instances.  The  presence  of  a  large  qiianti^ 
of  ailex,  Bay  twenty  five  per  cant,  of  the  ore.  is  the  best  meojis  for  tLe 
removal  of  sulphur.  From  such  ore  the  last  tiace  of  sulphur  may  be  re- 
moved in  the  revcrberatory-fumacc,  or  in  roastiog  it  in  tlie  open  air.  It 
would  not  make  any  ditlerence  by  what  means  sulphur  i&  removed  In 
roasttEg,  and  Bilex  might  seno  quite  as  well  as  iron,  if  it  could  be  removed 
advantageously  before  bringing  the  ore  or  alag  into  the  blastfurnace. 

In  practice  at  the  fumaceG,  we  find  tlie  above  principles  operate  under 
forms  modiJied  by  local  circumstances.  The  smelters  at  a  reyerbaratory- 
fumace  alternately  cool  and  heat  the  fnmace,  in  order  to  oxidiite  and  reduce 
by  uieEms  of  granulated  coal.  A  fluid  slag  cannot  quickly  oxidize ;  it  ifi  like 
melted  metal  in  this  respcdt ;  there  are  no  points  of  contact  for  the  oxygtin. 
The  drying  up  of  the  elngs,  by  cold  or  drying  lin^c,  such  as  lime,  faoiUtates 
the  oxidation  of  tlie  Eulphuret.  Tho  best  plan  is  to  run  the  metal  and  sbigs 
oat  coniinually,  the  first  into  a  heated  iron  pan,  Uio  latter  over  damp  char- 
coal-dust, Tliis  mode  of  operation  causes  o^ddation  quiclicr  than  any  otlier. 
IVhen  Uie  slag  is  cooled,  it  m&y  be  recharged  or  reserved  fof  the  elag-fumacf. 
Slack  coal  should  never  be  mixed  iiith  tho  »Iag  for  reduction ;  a  granulaled 
coal  assists  in  foimiiig  large  glubnlcs  of  metal ;  it  allords  point^i  of  oxidation 
for  the  slag,  and  doe^  nut  ^tilfen  it  so  much  as  find  coal.  When  liLliaii^e  is 
reduced  iji  a  reverlieraiory,  it  does  nut  work  well  if  botli  coal  and  litliarga^H 
are  iiiie ;  this  is  not  from  want  of  afliuity  or  other  secret  causes.  Thft^H 
pOAvdeied  ma^s^  does  not  admit  of  the  formation  of  a  large  globule  of  metal, 
or  of  motion  in  the  fluid  metal,  which  is  necessary  for  agglutination.  And 
as  oxide  of  lead,  particularly  wh(?n  mi^cd  with  a  refractory  substance,  does 
not  melt  at  so  low  a  heat  as  metallic  lead,  the  whole  must  bo  healed  until 
the  mixture  of  oxide  and  coal  begins  to  become  iluid,  and  admits  of  Ike  sub- 
aid^nce  of  the  metah  Litharge  is  easily  reduced  iii  tlie  reverberatory-funittcc. 
A  charge,  consisting  of  one  ton  of  lithai'ge,  may  be  smelted  in  one  ^nd  a  half 
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or  two  hours,  wbwi  in  ft  gramUated  form  ;  but  when  fioely  ground  Utiiarge 
or  fine  coa!  isnsisd,  twice  as  mucli  time  ia  required,  \\*lien  the  heat  must 
be  ui^ed  so  htgh  as  to  melt  tli«  litharge,  the  process  is  slow.  We  find  tlie 
prindplb  of  the  operftdon  here  to  be  dilferent  from  tliat  of  Rmoltiiifl[  ore;  iff 
in  the  latter  case,  we  wotic  the  ore  dry*  &a  litharge,  we  produce  hut  little 
metnl.  The  cause  of  this  is  plain:  there  are  impuritioB  and  metal  in  cloaa 
contact  in  tlie  ore,  and  no  larj^e  glohulo  of  metal  can  be  formed^  because  tho 
foreign  niatt*;r  interposes  between  tlio  particles  of  metal. 

The  conditions  under  wliich  successful  amelting  may  be  performed,  are 
therefore  very  plain,  A  fluid  slag  is  in  all  cases  required  f^here  impure  ora 
IB  to  be  smelted ;  pure  ore  or  litharge,  may  be  worked  more  dry  than  impure 
ore.  Fusible  slag  may  be  produced  by  e.  variety  of  means,  of  whioh  heat  is 
the  most  available,  but  not  the  most  profitable,  lli^h  beat  eauses  a  loss  of 
metal  by  evaporation  ;  H  brings  foreign  metnla  into  tho  lead,  which  are 
injurious  to  its  quality.  J^ead,  and  in  fuct  all  other  metals,  ought  to  be 
smelted  at  the  lowest  heat  by  wliieh  they  can  he  melted.  A  low  heat 
irill  produce  the  beat  metal  in  all  instances,  and  as  that  kind  of  work 
demands  less  fuel  and  Inbour,  too  much  attention  cannot  be  bestowed  no 
tbia  subject.  Fusible  slag  should  bo  formed  by  meana  of  fluxes,  not  by 
heat,  which  will,  in  most  instances,  remove  tliose  in^edienta  which  cause 
fluidity.  rrotox:ide  of  iroti,  which  ia  most  suceeaafully  formed  of  powdered 
heraatiteore  and  carbon,  forms  readily  a  fimble  slog,  in  tho  presence  of 
chlorine,  fluorine^  sulphurit^,  phosphorict  or  any  other  acid ;  but  these  acids 
are  soon  evaporated  by  a  strong  heat. 

Smelters  dislike  the  use  of  mudi  iron  in  a  reverberatory,  as  well  as  in 
the  blast-furnace,  because  in  its  rao&t  fluid  condition,  it  a«ta  upon  the  atones, 
brioks.  and  sla^,  of  which  the  hearth  h  formed,  end  causes  their  premature 
deatruction.  >Mien  tJio  work  is  done  on  a  fine  charcoal  or  coke  hearth,  in 
tlie  presenoo  of  much  iron,  it  is  reduced  with  the  lead,  and  impairs  its 
quality*  We  recommend  fur  these  rea&ous,  for  smelting  lead,  tlie  application 
of  cooled  boshes^  and  cold  east-iron  bottoms,  such  as  are  used  in  piiddhng- 
fumaees.  In  the  Klagltcnrih  and  blast-furnace,  iron  plates  are  generaUy 
ed  below  the  tuyere,  and  are  lined  with  clay  or  coal-dust ;  but  both  tliese 
aterials  for  linings  are  injiiriouB  as  well  to  the  quality  of  the  metal  as  to 
the  yield-  There  cannot  be  any  disadvantage  in  surrounding  a  slag  hearth 
with  cooled  iron  plates,  similar  to  a  run  out  fire  for  refiniug  iro«,  A  little 
more  fuel  may  be  used  iu  fimelUng,  but  a  more  fluid  cinder  can  then  be 
employed  than  in  any  furnace,  wliich  of  course  tends  U)  economi^ie  fuel ;  and 
causes  a  purer  article  of  metal.  Furnsces  of  this  kind  were  used  in  the 
Stftte  of  New  York,  and  worked  succesafully.  The  hearth-plates  were  cooled 
by  the  blast. 

At  the  Bmelting  fnmflcegj  particularly  at  those  where  tlie  operation  is 
pcrfi>nned  at  a  high  heat,  a  white  smoke  ia  thrown  out  nt  the  tymp,  or  nt 
the  top  of  the  furnace :  tliis  may  be  gathered  in  condensing  chambeirs. 
Similar  chambers  may  be  annexed  to  re verberatory -furnace.  This  white 
smoke  contains  tlioac  metals  which  are  in  the  ore.     A  reddish  dust  from  a 
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the  ptodttctioit  of  olher  compounds 
does  not  conaUtnta  a  part.    One  of 
cluuigQ  is  thiLt  one  or  both,  of  the 
gawous  Btftte. 

metallic  ores  might,  therefore,  be 
action  of  certaiu  gasses  or  liquids,  an 
^neral  practice  ia  to  transform  tlie  o 
In  both  cases  a  temperatiu*e  approa* 
dacticm  of  the  desireil  clifutgfl,  and  co 
teehiiiDally  called  the  '*  dry  way,*'  voi 
meut  of  ores  with  aquecms  UquiJa  is 
ever,  Bcarce]y  any  edsential  difference 
mctliods  of  operation,  fur  io  both  c« 
mobilitjr  of  the  portlotea  of  a  gas  or  a 
0oai«  aabstances  arc  liquid  or  gaseoiui 
ture,  while  otliera  acquire  thia  statat 
Neverthelee3p  tliere  is  a  practical  adi 
atioRs  under  the  two  heada  of  the  Jrf  | 

The  jiature  of  the  op«ratianH  by  H 
ores,  depends  upon  the  cbemicftJ  naludi 

The  metallio  orca  which  are  moat  | 
the  fol]o\\ing  compositiou : —                ^ 

1.  Ortrftf*,— Tliifl  ia  tlie  moBt  freqn^ 

2.  Suiphid4?i.^-ThiA  is  tlio  general 
ftatimouT,  niul  in  part  of  Hilver  and  1 
pjritoa,  glancK!,  or  blende.                      \ 

4.  MetalltG  talis ;  the   most   &eq«| 
aimthic  ores  of  iron.  zinc.  lead,  an^oi 

pnoGEiis  or  smelte^q. 
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K«veral  metals ;  for  insUnce,  copper  and  lead  in  bouruonite,  lead  and  ailv«r 
in  galena.  Henco  it  foUows  that  ia  tUo  iirst  in^Uuce,  ores,  when  melted 
frequently  yield  products  which  require  to  be  subjected  to  special  operattons 
for  the  aeparatioa  of  the  metals  they  contain* 

A  still  more  important  clrcumstaiico,  ia  the  a^ocktion  of  metallic  ores 
witli  minerals  that  do  not  contain  m^tals^  and  which  oonstitutQ  tha  matrix  in 
which  Ute  ore  is  imbedded.  Theso  admixtures  can  rarely  bo  Bcparatcd 
mechamcaUy,  and  iudced  axe  sometimes  very  serviceahlo  in  the  smelting 
operalion* 

SmaltlnKp — While  tha  cbemie&l  changes  which  ores  and  metaUnrgical 
prodnots  undergo  in  roasting,  are  e£eoted  by  the  action  of  certaiii  gasea  upon 
the  solid  compounds  of  the  tnetal ;  the  chcnucel  proceaacs  tliat  take  plaao  In 
smelting  operations,  cousiatin  the  reaction  of  tlie  ore  \;^'ith  other  substances 
while  iu  a  liquid  state.  The  object  of  the  BmeltLng  operation,  is  always  to 
effect,  or  approach  near  to  the  separation  of  the  substances  combined  or 
mixed  ^-itli  the  metal,  and  to  obtain  this  in  a  state  of  regulua.  The 
mere  chemical  elimination  of  the  metal  would  be  of  little  serrice  in  practical 
metallurgy,  unless  it  were  ejected  under  such  conditions  a$  would  admit  of 
its  mechanical  separation  &om  the  other  products  of  the  operation.  In  all 
ameltLDg  operatLons,  thorc  is  such  a  mechanical  separation  of  two  or  more 
Htibst&nceB  in  layorg,  one  above  the  other.  The  composition  of  tht^se  several 
iMjerB,  will  at  once  be  evident  froTa  tha  oomposition  of  the  matenals  operated 
upoo.  As  a  general  rule*  these  vriU  contain  certain  adn^itiLuros,  consisting 
in  port,  of  silicates  of  the  eartlis  and  alkaUes ;  in  part  also,  of  quartz,  lime* 
stone,  kc.  Theee  substances  are  generally  infusible,  or  fusible  only  at  very 
high  temperatures,  so  that  it  is  necessary  to  convert  them  into  a  stato  in 
which  they  may  bo  sra<;Ited,  This  is  effected  by  fusing  with  the  ore  otlier 
aubstances,  which  will  combine  willi  those  tliat  are  to  be  separated*  and  in 
the  fusion^  give  rise  to  the  production  of  a  vitreous  mass  ealled  ala^.  Kven 
when  the  ore  consists  entirely  of  a  metallic  oxide,  it  is  a3;\^ys  advisable  in 
practice  to  mix  it,  according  to  its  nature,  other  substances  which  contribute 
to  the  production  of  slag,  becatiae  by  tlu^  moans  the  fusion  is  facilitated,  and 
the  surface  of  the  reduced  metal  is  protected  by  the  slag  from  the  oxidising 
ncUon  of  the  air  passing  tliroogh  the  surface. 

Th&  shigH  produced  in  motallurgiGal  operations  aro  (jsseutially  com* 
pounds  of  silica  witli  carttis,  chieHy  lime,  magnesia,  and  alumina,  or  with 
metallic  oxides.  Buch  as  protoxides  of  iron,  or  of  mangane-ie.  They  lUso  con- 
tain in  some  inet4L»ccs,  alkultes,  baryta,  oxides  of  zinc,  cupper,  or  lead,  Email 
omouuts  of  Huorine  ^nd  sulphur  compounds,  phosphates,  and  sulphates,  and 
somt'times  granules  of  reduced  metal,  or  other  products  of  the  smelting 
operation. 

These  compounds  belong  to  tho  class  of  oxygen  salts,  and  are  analogous 
to  the  sihceouu  minerals  which  constitute  rocks.  The  siliCA  in  these  sub- 
stancis  is  a  compound  of  silicum  with  three  equivalents  of  oxygen  (SiO^J, 
and  has  Uie  fimctions  of  an  acid^  At  high  temperatures  sihca  di^kces  all 
acids  tliat  are  volatilizable,  and  unite  witli  tlie  baees  lliey  wore  combined 
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with.  It  also  commutes  with  most  bases  in  several  dilT&reut  proportiaus ; 
tliose  Gilicatoa  being  regarded  aa  nentrol  salts,  in  which  the  proportioa  of 
ox3'g?n  in  th«  base  is  to  that  in  the  add,  as  1  :  3;  and  those  sUIcates  m 
which  tlie  proportions  arc  dilTorent  from  this,  being  called  acid  or  hou 
aCGOrding  to  the  preponderunce  of  silica  or  of  ha&e. 

Gpnenil  Tormulio  of  SiUtat«». 

noutral  silicate  RO  StO'  or  K-O^  3SiO«  m 
3R0.2SiO'  or  R^O«,2SiO»  $ 

bBBio  diliuttei  2R0.  SiO^  or  R-(H,3SiO»  e 
{3R{})  Si03  or  RK)»,  SiO*  rf 

Since  the  faaibility  of  slag  is  a  character  of  great  importance  in  Teterenea 
to  the  smeltjng  of  ores ;  and  since  tins  diftracter  is  partly  detcrraioed  by  Ha 
nattire  of  the  bases,  and  pftrtly  by  tlie  proportion  in  which  it  is  combined 
with  the  dlica^  it  is  desirable  that  the  metaUnr^t  should  be  a^uainted 
with  the  fusibility  of  the  yarioua  silicates  of  tlioso  bases  'wltioh  ars  ti^naSj 
present  in  metalho  ores. 

The  investigfttiona  that  have  been  made  in  reference  to  this  i>oint,  ^ow 
<hat  among  the  calcareous  BiUcates,  that  wliich  is  represented  by  the  fiyrnbolie 
foTinnla  SCaO,  aSiO%  is  the  most  fusible;  the  netJtral  silicate  GoO.  SiO»i» 
less  fusible,  and  the  others  are  almost  infusible.  Hie  amount  of  lime  is  the 
fusible  silicate  of  lime,  rarieg  from  twenty-five  to  forty-seven  per  cent. 

The  magneaian  sihcatea  ar«  fusible  only  at  very  high  temperatures,  and 
those  correspondinpf  with  t!ie  above  formulfe,  are  at  the  most,  only  softeiMd 

Aluminous  Rilioatea  are  probably  quite  hifusible, 

All  double  nihoates  are  more  fusible  Uian  tJie  fdniple  silientes^and  anTin- 
fiisible  sihcate  may  be  dissolved  by  sorae  other  silicate  in  a  melted  stale. 
Thns^for  instance,  the  aubstances  represented  by  the  symbolic  formnla  SGbO, 
3SiO^  +  SMgO*  ^SiO^  ffJCaO),  Si^  +  Al'0'Si6\  are  both  tolerably  fnsible, 
and  even  the  eoiresponding  compound  of  magnefiian  and  aluminous  silicates 
may  be  melted. 

The  componntls  of  eilira  with  the  proto^des  of  iron  and  manganese, 
corresponding  vriih  the  formulae  it  and  h,  are  very  fusible  subatanees,  but  the 
compounds  of  silica  with  peroxide  of  iron  are  stated  to  be  infusible. 

Plattner  has  estimated  the  molting  point  of  some  slags  aa  follows ; — 

SUg  from  iron  emeltiiig  in  f  3CaO,  2310^  +  Al'O^SiO'  coiatnia- 1  ^g^g.  „  , 
1  iDg  thr&c  per  cent,  profcoridc  of  iron  J  **"* . 


f  [CaO,  JfgO)  (SiO^APO^) 

\  Mff  :  Ca  =  2  ;  3  Al  :  Si  =  I 


SUg  from  lead  smelting 


2433"  Pah.! 


2403*  F«b. 


sh&fl-fumace 
Slag  from  iron  smeltin 

flhaft-fumace  \  Mp  :  Ca  =  2  ;  3  Al  :  Si  =  I  :  6 

3[_3RO.  Si03]  -f  .U^OJ"  2Si03  eoQ- 

toining  limfi,  magncEia,  protoxido  of 

irOOj  and  1-5  pfr  cent.  r>xi(lo  of  lead 

Slag  fiTim  copper  ameltiug  {       4iaFi30,  SiO"'  -j-  Al^O^  SiO']       {  2440*  Ftih. 

The  following  m*ltiiig  points  of  metals  will  serve  for  comparison : — 

Sdvor  ,        .        ISra'Fah. 

Gold    .  201fi'Ftth. 

Copper  2143*  Fidi. 

Pktinum  ,         .        i5Q^^  Fab* 
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The  mode  of  aolidlficatioa  is  another  imporlant  uijarftcter  of  slfigB.  The 
slngH  consisting  chiefly  of  silicates,  correBpondkig  witli  tlie  gcut^nil  forinulu  </, 
are  vefy  liquid  when  melted,  and  solidify  rapidly  ;  those  oorreftpOJvliiig  w  itli 
ilie  foL'mulE^  ti  aud  b  are  viscous  whon  melted,  aud  suUdify  much  muro 
alowly. 

Although  fila;^  are  in  allinstancea  to  be  aymboled  aa  cheTtticnl  corapotmds 
of  ailica  with  basics,  it  is,  neverthelcrts,  possible  that  a  stag  miiy  consist  of  a 
mixture  of  Bovernl  distiuct  eilicatcs,  since  both  Uie  simple  aiiddouhlo  silicates 
are  mjscibt^  in  all  proportions  when  nielt'Cd,  and  since  the  cooliug  gf  the  ^)a^ 
takes  place  too  rapidly  to  admit  of  a  separation  of  the  diJlerent  utlic&tos 
which  it  Tn'.\y  contain  tiiia  ia  in  fact  the  most  frequent  cnBo,  sings  con- 
si-iting  as  a  whole  of  a  disititict  chemical  compound,  being  of  rnre  occuitcucu. 
It  \s  only  tho  da^  which  contain  bat  one  base,  such  as  the  fcmiginoua  alngB, 
consisting  uf  protoxide  of  iron  which  consists  entirely  of  one  silicate,  and  even 
the&e  are  sometimea  mixed  ^rith  oilier  substances;  thus,  for  instnnce,  tho 
flli^  obtained  in  refining  iron,  is  a  mixtiireof  sihcateof  iron  (■JFcO)SiO*  with 
Glide  of  iron  FeO,  Fe*0^  in  variable  proportions. 

Slags  are  either  vitreous  or  stony,  and  in  the  latter  case  they  are  not  nn- 
freqncntly  more  or  lesa  crystalline. 

Tho  amorphous  slags  iu  tlieir  most  perfect  state,  appear  aa  tme  glasses, 
and  are  transparent  when  they  tin  not  eontaiii  metalhc  oxidcH  in  liuge 
amonnt.  Their  fracture  is  conchoidul,  and  tlie  structure  the  same  in  all 
directions.  This  class  of  slags  comprises  many  that  must  be  regarded  as 
mixturea,  and  for  that  reason  liave  not  a  crystalline  structure.  But  all 
Vitreous  slags  are  not  of  Ihi^  kind,  this  peculiarity  of  stnicture  being  some- 
times the  result  of  rapid  ci>oUng, 

The  stony  glflgs  are  likewise  either  mixtures  or  definite  compounds.  It 
is  the  latter  kind  only^  that  are  crystalline. 

Every  well  conducted  melting  operation  IutoItcs  the  production  of  a  sing 
Jjosscsauig  a  eertiin  constant  composition  and  unifnrm  dogree  of  fusibility; 
aud  any  development  of  the  requisite  couditiona  becomes  evident  in  the  pro- 
duction of  abnormal  slags.  WUeu  the  chemical  naiure  of  tho  ore  is  kiio\\'n, 
it  ia  generally  easy  to  prepare  tUo  charge,  so  as  to  answer  tlio  success  of  the 
opemlion  by  a  due  regard  to  tho  general  principles  already  stated  in  refer- 
ence tn  the  fnsibility  of  tho  silicates. 

The  object  of  tlie  most  important  melting  operations  in  metrtllnrgy,  being 
to  effect  the  reduction  of  a  particular  melullic  oside  at  the  lowest  possible 
tcmpfjrature ;  and  at  the  same  time,  the  separation  of  the  suhBtanoes  mixed 
with  the  ore*  by  converting  them  into  a  fusilde  stag.  The  degree  of  fuBibilily 
reqiiiaito  for  the  &l&^3,  will  therefore  depend  upon  tlic  tempei-atiire  at  ^\hich 
tile  oiide  IS  reduced  :  tho  lower  the  teujperature  the  more  fusible  must  the 
ulag  be.  Hence  one  of  tho  moat  important  conditions  to  be  secured  is*  llmt 
tlic  charge  may  contain  such  Bubstunres  as  will  conlnbute  to  the  proiluction 
cf  slag,  aud  in  suoh  proportions  that  the  slag  will  have  the  proper  degree  of 
fusibiUty.  At  the  same  time,  the  slag  must  Dever  be  flo  fnsiblo  as  to  melt 
at  a  lovrnT  temperature  than  that  at  which  the  oxide  is  reduced,  for  in  tliat 


vsiFUL  lytrrALS' 


£« 


eao 


CUEVISTIIT  or  HKLTIVa  OPEEATlO^fa 


case  a  portion  of  tlie  oxide  would  be  dissolved  hy  the  djig»  inrolving  a  oufrcK* 
ppniliiLg  loss  ofoietat. 

Imperfcolly  melted  slag?  aliraya  present  a  hind  of  graindar  fruchire,  ftcd 
are  produced  vrhtn  tlie  clmrgei!^  not  pi-operlj  pt%p&»d,  when  citLier  silica  or 
lime  prepouderate,  or  wlit>u  tlie  amount  of  alumina  or  nagueaia  is  very  large. 
They  ma^  &lso  bo  produced  when  the  qnauiity  of  fuel  ia  too  amall  in  prop^ir- 
tioato  lliatof  the  charge,  mid  wlien  conscqueiidy  the  temperature  produced, 
is  Jiot  aufficiently  high  to  elTect  the  propt>r  fu&ion.  'When  Uie  proporiioo  of 
bnse  is  too  Bmall.  there  may  be  a  toss  of  metal,  owing  to  the  oxide  being 
disaolrcd  by  th©  slag,  and  taking  Uie  iduce  of  the  delicieiit  base. 

The  ore  somi^tiuK^s  contains  nK-tnlHc  stilphiJea,  winch  cuUoet  in  b  liozno- 
genous  masH  calkd  "metal"  or  niatfo.  and  in  other  cii.3i?a  alajLj,  metal  and 
rcgnlns  ore  produced  tog«tJior,  The  &lftg  flhvn^-a  forms  the  upper  layer,  the 
reguluB  is  always  at  tlie  bottom,  and  the  metal  between  tlie  two.  Sometimes 
a  foiirtli  laj'er  is  praducod,C{>ci.iiuiug  a  large  amount  of  ai'semcor  antimony, 
and  called  "  spcisB." 

The  mehing  operation  ia  genemlty  conducted  is  a  fihaft furnace  or  rever- 
beratory-fiii-nnce ;  in  the  former,  tlie  charge  is  indirect  contact  Ti\ith  tJte 
fuel ;  in  th€  latter,  it  is  acted  npou  only  by  the  beated  gases  produced  by 
combusUau. 

In  most  melting  ojwmtions  tJie  chief  chen»ical  process  consist  in  Ujo 
abstraction  of  oxygen  from  aonte  oxide  or  oxidJa;cd  cuuiponnd  of  »  metal,  or 
a^  it  is  technically  termed,  tho  reduction  of  the  raetalliftrotisaubsiance.  The 
reducing  anhativnces  usn»ll3  cniidoyed^  are  carhun  in  Uie  state  of  cyal,  char- 
coal, &c :  olfio  carbonic  oxide,  caibonctted  hydrogen  and  hydrogen,  wliich  are 
generated  by  tijc  partial  combustion  of  the  fuel,  and  by  Uie  action  of  lieat 
upon  it.  At  high  tt^mperaturcs  carbon  abEtmcts  oxygen  from  all  metallic 
OKidcs  ilijuinating  the  nietjd  and  producing  earhonic  oxide.  Metallic  oxideB 
differ  considerably  in  Uiis  respect,  some  being  reduced  Tvilh  great  eiise  at 
low  temperatures,  even  without  the  aid  .of  carbon  or  any  other  isuhstiutcu 
to  combine  with  the  o^tyg'^n ;  olhera,  again,  require  to  be  aubjcctcd 
to  the  action  of  the  most  intense  heat,  and  the  most  powerful  reducing 
agents. 

The  mode  In  which  tlie  reduction  takea  placet  is  not  in  all  cnsea  the 
same ;  when  the  oitygennue  substfuice  is  readily  fuaible^  there  ia  an  inlimaie 
contact  between  it  and  the  coat,  aa  in  tlie  rDdnclion  of  oxide  c»f  )rnd  or  of 
bismuth  ;  but  when  thut  ^nhjitance  h  not  fu&ible.  tlie  contact  is  Eligtil.  even 
when  it  (lud  the  coal  ore  tuitly  powdered^  and  tJie  reduction  a  ould  be  only 
partial  if  another  favourable  circumstance  did  not  delennine  tJjc  contrary. 
The  oxygen  of  tlie  atmoRpbedo  air  iilling  the  interstices  of  tlie  ina^>  com- 
bines with  die  carbon  present  in  esLcesa,  prodncing  carbonic  oxide,  which 
ooroing  in  contact  with  the  oxygenous  ore,  effects  iU  reduction,  and  by 
abstracting  its  oxygen,  is  convtrted  into  carbouio  acid.  Por  tlic  production 
of  the  carbonic  oxide  reqiiiRitc  for  tlie  complete  reduction  of  the  ore.  it  is  not 
essential  tliat  there  shonld  he  a  continued  supply  of  fresh  atmospheric  air, 
because  the  carbonic  acid  in  contact  with  red  hot  fud,  is  a<;iuu  converted 
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mto  ciirboiiic  oxide,  wLicli  reduces  i).  fresh  |>oi'UtJU  of  uxide,  aud  Uiuti  uet  vca 
to  uttrilrnct  the  oxygen  tcoin  tlie  whole  of  the  ore. 

In  tliia  Vfay  tbo  reduction  of  metallic  oxidoB  whidi  are  not  easily  melted, 
may  be  efiectcct  in  cloacd  vessel:!  by  moans  uf  cfml.  it  i.^  not  unlit  after  llie 
reduction  hns  ticcn  effected,  that  tlie  fimioti  of  the  molnl  tukefi  phtce. 

li  bo^  uU'ciidj  beeu  remsrlceil  tliut  ui'c^s  contuiu  viiriouii  admixtures, 
which  are  either  basic — like  the  esriha.or  acid — like  silica,  in  tht-ii"  cljeujical 
re!iitiorj3,  ami  cunsci|Tieiitly  IIlg  siil>titancea  to  he  added  tu  nu  oig  in  p)ei]mri)ig 
Uie  charge  (ot  the  nieLuiig  operation^  will  dejiend  upon  tho  future  of  tfiese 
»dnnxtitrct9.  Thus,  siUceuuB  or«s  require  an  Additit>u  of  base;  calcarious 
ores  an  addition  ofBiIica.  &q>  The  suiistances  that  ure  im^st  ^euorally  used 
for  this  ])Ui-pr>sc  are  silicA,  in  tlic  state  of  quartz,  saiid^  Jic, ;  L-iU'boiifttc  ot 
litne  in  tlie  state  of  liiue^tone,  or  dolomite,  fluor  Epor,  or  dugs  from  previous 
oporadoHS. 

Rlii^s  are  employed  in  nieltin}^  operations,  chiefly  on  a<!Cotuit  of  tlieir 
Rolvout  action  upon  ci.*rluiu  meUiUic  oxides.  The  kind  of  slai;  to  be  u&od 
w\l\  depend  upon  the  nature  of  the  Huhatance  to  be  aepni'ntfd  in  the  fueion. 
It  is  clueHy  for  the  pnr}>()&u  of  ^epnrutiug  tlie  oxides  of  iion  prnduced  iu  tii6 
roo-sting  of  (vertuin  ores,  from  other  metallic  oxides  ^ith  which  tliey  are 
asaodated,  that  tlie  solvent  action  of  alft(*8  is  taken  aJvanto^'e  of  in  ineUillur' 
gical  operationti.  Thus,  for  instaoce.  when  a  mixture  of  peroxide  of  iron* 
auboxide  of  copper,  and  n  slug  correspoiwling  vtitli  the  formiilu  h  ui  d,ia 
melttid  under  couditiona  that  effect  redtictjon ;  the  peroxide  of  iron  will  bo 
reduced  to  protoxiJe.  and  then  dissfflved  by  the  alag,  while  Ihe  reduced 
copper  will  colU'nt  as  a  regii]ii9  nnder  this  slfl;^.  In  similar  vtaa^a  all  oxides 
that  are  not  eaisily  rediinv'l,  will  behave  like  peroxide  of  iron,  and  tlioso  tliat 
are  readily  reduced  will  hcdiave  like  oxide  of  copper.  It  may  indeed  bo 
rt'^^nrded  a»  n  -general  rule  that  wlien  a  mixture  of  oxides  that  are  unefjtially 
reducible,  witli  a  bIa^  eontaimng  a  certain  ainouuL  of  Bilicii.  i^  melted  under 
circtimBtane^cs  that  detcrniiiie  reduction,  the  lef^a  reducible  oxides  arc 
dissolved  by  the  alas,  whil«  the  more  reducible  oxitJea  are  dupiived  of  Uieir 
oxjfien  entirely,  and  the  metal  obtained,  a  regular  proportion  of  this  result 
requires  that  the  slag  should  be  present  in  a  certain  produL-tiou,  and  tliat  ita 
luelting  point  should  be  between  that  of  the  diiferent  oxidts.  When  there 
is  not  sutiicient  alivg  to  dissolve  the  whole  of  the  prot^ixide  of  iron,  n  portion 
would  be  rcduci^d  to  metjij.  and  the  sla^  was  fusible  ^t  a  lenipei'atiire  l(>vv'er 
tbiiit  thifct  at  which  the  suboxide  of  copper  is  reducud.  a  porliou  of  this  oxide 
would  be  dissolvL^d  by  ihe  slug  and  its  reduction  preveulod.  whik'  if  tho  pro- 
toxide of  iron  was  riHlnced  at,  a.  tfuiperature  lower  thnn  that  at  TchicL  the 
slag  raelloj.  the  reguhia  would  contain  a  conBiderable  amoatit  of  iron. 

Metallic  kad  is  sometunea  oiuployed  as  a  solvent  in  h  ^imilnr  manner. 
Wlien  this  metal  ia  melted  with  aurifurouaor  nr^entift^rouEi  sulphides  i  it 
dis^olrea  tho  ^old  or  Bilver,  sulphide  of  lead  being  produced^  and  f^old  or 
silver  is  eliminated,  while  tliorei  is  scarcely  uny  veaction  of  a  ainnlnr  kind 
"between  raetallic  lend  and  the  Rulphidesof  iron  or  of  eopprr.  By  IhiH  means. 
fiieroforQ,  auriferous  or  orgeniiforous  kadi&  obtained  ub  the  product  of  the 


another  metal  wbrmv  sii]pliide  is  m^ 
whoh  aiilpliide  of  load  ia  molted  iril] 
from  thi^  ii^atl  to  tlie  irou,  and  tbe  U 
only  metal  wLi^U  is  used  for  this 
relfvtiou  of  ii'ou  to  autplildea  is  csp«< 

Tlie  results  of  I'ouirtiots'e  expcril 
Kud  mctala,  mny  be  gcnernlly  exprei 

Of  lh«  sulpliides  of  copper,  iroi 
arsenic.  Sidplitd^  of  copper  is  most 
so ;  the  olhci'  members  of  tlte  scriei 
llieir  po»itiyn.  Any  two  of  llie  met 
series,  do  not  ab^tmct  frnm  tlie  ^ull 
sulphur  J  but  the  ahstmction  of  sulp' 
^il't^oted  most  complotcly  by  Urn  m| 
ieriefl. 

The  metals  of  the  allcnliffa  uid  «]1 
abstrnrling  sulphur  from  nielnllic  hu| 
t^XBi-ciaed  when  their  oiid(?s  aria  Ignll 
and  H  metallic  sulphide.  By  tliis  m^ 
tlie  carbon,  and  thus  exercises  its  dfl 
anlpliid^,  ^^ng  rist^  to  the  produ^tiol 
VtTy  rrequ{<iLlly  (ho  wJiole  of  Ihe  M 
poi'tion  of  it  being  dibsi>lvod  by  tliu  d 
mfllin^  is  mtido  witliont  coals,  a  regl 
liinc  a  metallic  Bulphate  of  oxide  is  |{ 
thti  ulkuli  upuik  tlie  mclnllir  Bulplill 
portion  of  ih^  inetollic  Btitphidp  is  dl 
cArbountu  is  u&ckI,  llic  derMmpof^iliofi 
of  eoppor  melted  ^\ith  tnrhniiMto  of  | 
melted  witJi   cat 
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oxidef  £iiUieF  volHtiieifugibk'j  or  di^tiolv^d  by  iLe;  ordiiiarj  fluxes.  Tlio  most 
general  oxirlizitig  agent  ia  atmoaplienc  air;  but  fiometimes  substunceB  fi.re 
lUMil  wUkh,  UkQ  oxi<Io  of  kad,  sulpli&l^a  of  copper,  or  of  irou,  uitre.  and 
liAsic  Biticako  af  protoxide  of  irou,  yield  oxygen  at  hij^li  tctnp«raturc5. 

Thus,  for  instADcep  wben  a  current  of  air  19  passed  over  tlie  surface  of 
melLed  copper  ccjutaiiiiflg  iron,  cobult,  lead,  antimony,  anfcoic,  and  aulpUur* 
the  last  ilii-eo  aubatances  are  volatilized  as  oxidefl.  wliile  a  more  or  lesa 
liquid  layer  collects  upon  llio  surface  of  tlie  copper,  consislinpf  of  oxide  of 
iroQr  proti^xid^  of  cobult,  oxide  of  lead,  mitiinonous  acid,  and  suboxide  of 
copper,  and  tlie  greiiior  portiun  of  the  coppt  r  remnlua  as  fllmoet  pure  mtftal, 
Tiie  larger  the  proporlitm  nf  load  as  couipar^d  willi  tlie  oLlier  luctnU  to  tie 
aeparated,  tlio  greater  iYill  be  the  fusibility  of  tlie  mixture  of  oxides*  ond 
wUeu  tlie  prupot'tion  i%  ^inall.  some  means  must  be  d«^vised  of  reinox-iiigitf 
so  that  a  fre&h  metallic  surface  raaybc  esLposed  to  the  oxidizing  ncLion  of  tli« 
air.  Thb  takes  pluce  wbeu  tho  luixLurc  of  oxides  are  liquid,  nnd  tlie  qucility 
ia  not  verj'  considtraUo,  partly  in  consviqucnce  of  the  convexity  of  the 
snrface  of  tho  melted  metui,  aud  paitly  by  Uie  mcciianicEil  action  of  the 
blast. 

Tlie  results  obtamod  by  Bcrthier,  m  reference  to  (he  reaction  of  melnllio 
oxides  upon  dilleront  uictnls  may  bo  generally  expreatied  aa  follow'*  ;— 

"NVlien  one  of  the  more  readily  oxidable  metala  is  ntelt^d  with  the  oxide 
of  another  mctal^  tli^re  ia  nhvnys  an  oxidation,  at  len&t  partial,  of  the  fornier. 
and  the  propoiUon  of  oxide  produced,  is  dotenimied  peilly  hy  the  relatiTe 
amount  of  the  oxide  eiui>loyed,  and  parti}*  hy  the  degree  in  vvhich  Uie  metal 
is  clociro-positive  to  the  oxidet  or  Ui$  ox^de  electro  ne^ntive  to  tlie  metal. 

The  reaction  between  oxide  of  lead  and  metallic  aulphidca  when  tueltod 
together,  is  of  eepecial  importance  in  metalluj-gy.  WJieii  the  aulphidea  of 
iroUf  or  of  copper»  or  copper  pyrites,  are  melted  witli  a  siit^cieiit  proportion 
of  oxide  of  lead,  the  whole  of  the  sulphur  is  volatilised  as  sulphnroua  aeidj 
and  the  iron  or  copper  is  oxidized,  the  iron  probably  as  FcO  Fu*0"\  the  copper 
Cu-O.  while  the  oxide  of  lead  that  is  not  decomposed,  forms,  togetlier  wiLli 
Uie  oxide  of  iron  or  copper,  a  vitreous  sAn^,  which  coUcota  on  tlie  lop  of  tli^ 
metallic  lead.  When  the  oxide  of  lead  umountB  to  less  than  twenty  titnca 
the  weight  of  tlie  copper  pyrites,  the  eulphidc  of  copper  is  not  wholly  decom^ 
posed;  and  tJie  portion  tlifit  remains  is  not  diiiSulved  Viy  the  sl^  con^^isting 
of  oxides  of  lead  and  oxidea  of  Iron,  but  foru:B  Logetlier  witli  a  part  of  Uia 
nietalho  lead  a  matte. 

Carbonate  of  lead  acls  In  the  same  manner  bm  oxide  of  lead,  into  which 
it  is  oouvtjrtcd  by  loss  of  carbonic  ncid, 

SihcnLe  nf  lend  acta  in  rt  fiitnilnr  manner,  hut  a  much  larfjer  proportion, 
and  a  higher  temperature  h re  required.  The  slags  prod ULi^d  consist,  in  Uieso 
caHC&.ofdoulile  silicates  of  lend  and  tlie  oxide  of  tlie  mclaJ  worked.  Sulpbute 
of  luftd  is  a  much  more  eifeelive  oxidizing  agent  than  oxide  of  lead,  maauiueh 
aa  the  sulphurio  acid  it  cuntaius,  contributes  oxygon  to  its  converaion  into 
anlphnrous  acid.  Thtm  eulphiUe  of  lend  melted  with  aulphide  of  lead  in 
certain  proportiona,  yield  only  lead  and  eulphurous  acid.    Protosulphate  of 
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ii-on  audsiilpliiitcof  copper  i^xeroiBDA  BimiliLrdoojiiiuiiigactiou  whcniunltid 
togetlic^r  wiiti  siilpbideB. 

Tbe  uitrates  of  potCM^U  and  sode,  oltliougb  powerful  o^dizing  Rgeiita,  bjo 
both  too  coEylly  in  be  used  except  in  some  few  mL'tallurgicol  ciperalions. 

Bftsic  silicate  of  protoxide  of  iion  [OFoO]  SiO'  is  an  o^diziug  ageut 
whieh  ia  etnployed  in  otie  of  the  moat  itu]>ur{utit  metallurgical  op^ratioiis. — 
tke  reJiiiiiij^  of  iron.  TUe  llieory  of  this  operiilioD  is  tltd  following : — IVLen 
iron  containing  ciuhon.  silicuiu,  stil^ilinr  and  filter  substances  tbat  are  moru 
oiddable  llmii  irou.  is  melteJ  with  tliis  ba&ic  silicalc  of  irou,  ar  bcalcd  "nitli 
it  ao  stroitj^l}'  tbnl  llie  iron  softens  and  tlte  silicate  hicUb,  one  lialf  of  the  pro- 
toxide of  iron  caitliiiiicd  iu  the  Jatttr  is  decomposed  into  iron  aud  osypen, 
which  combinos  ■n'ilh  ilic  aljove  named  stiliBtniicea,  the  removal  of  which 
from  tlie  iron  ia  tJie  object  of  the  refining  opcratiou.  In  this  way  the  carbon 
is  converted  into  earhonic  oxJdcthe  silicum  into  silica,  and  tlie  sii1|»hnr  into 
sulphuroxia  aciJ,  vihiJo  tlie  silicate  ia  comrcrted  from  [bFtOj  SiO*  into 
(3Ft.0)SiO^ 

The  examples  Evlvoad}'  given  will  snfiico  to  show  that  tlie  chemicol  pro- 
cesses whicli  take  fdace  in  tlie  tnelUiig  ojierations,  are  of  very  dillervut  uid 
even  opposite  imtures.  From  a  pin^^dcul  f  oint  of  view*  honevcr,  tltat  par- 
ticular reaction,  wliicli  is  most  imincdiately  connected  with  the  result  gougltt 
to  bo  attftined,  lA  alone  refercd  to  in  apeftkiiig  of  tlte  operntion,  although 
reduction  is  ulwflya  accornpauied  flitJi  oudation.  and  the  reverse. 

In  differ^'iit  melting  opemlionfl.  two  or  more  of  these  proceas^s  may  tate 
plaoe  simuliaiieoiisly  ;  thua^  for  example,  whon  a  mixture  of  suboxida  of 
copper,  oxide  of  iron,  and  slug  conliiining  exoese  of  silica,  is  melted  under 
dottditiona  which  determine  reduction,  the  oxido  of  copper  is  reduced,  and 
(topper  elimintited  hb  reguUis,  t!io  oxide  of  iron  is  reduced  to  prntoxide, 
which  is  dissolved  by  tlio  Bhg.so  that  this  melting  opemtioDia  both  reducing 
and  aolvent, 

Ay^ain*  when  ore  eonsistinj^  of  sulphide  of  lead,  f^nngne,  or  carlhy  sab- 
stances,  ia  melted  witli  oxiile  of  iron  and  a  suitable  filnt,',  the  action  that  tfllios 
place.  coneislB  in  tbo  solution  of  the  gangue  or  earthy  substances  by  x\is 
melted  slag;  tbe  reduction  of  oxide  of  irou  to  protoxide,  which  reacts  upuu 
the  snlphide  of  lead,  oxidising  aportion  of  it^  sulphur.  wLicJi  ie  volntili^icd  as 
siilphnrouF!  acid  \.  wdii]e  the  iron  thereby  eliminated.  uhstmetB  the  remfliniug 
portion  of  aulphur,  and  precipitates  tl\e  lead  as  regnUis,  In  this  ease,  ibo 
renction  comprises  all  the  importaut  feaLui-ea  of  tlie  melliu^^  opt^ratiou. 
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Works  Published  by  Houlston  and  Wright. 

The   "ENQUIRE  WITHIN"    and  "REASON   WHY" 

SERIES  of  POPULAR  WORKS, 
ELEVEN  HALK-CKOWN  VOLU.UES,  contaiuin^r  nearly  Fivb 
TiiQUSiKD  Pages  of  closely  priated  matter,  are  aow  puhJished.  The 
Indieed  have  been  prepared  witli  great  care,  and  alone  occupy  about  3tJ0 
pu^es.  A  vast  Fuuil  of  Taluabli*  laforraation,  t^mbraring  every  subject  of 
inicroat  or  utility^  la  thus  attainjible,  and  at  a  merely  nortiinal  coat. 

These  reaJly  useful  Worlta  are  po  I'heap,  and  in  aucii  general  demand, 
tbat  the  Sale  lias  aJrettJy  rt-aHifd  upwurJa  of 

THKEE  HUNDRED  THOUSAND  VOLUMES. 

I. 

Enquire  Within  upon  Everything, 

Otie  Hundred  and  TUirty-Gftb  Thouaauct,  erown  Sro.,  clotb^  £s.  6d. 
"  UnKarpuftcd   frimt   tli«  trUcvlUneottii  qnd   instructive  oilun  of  the   inrurnimtidQ  on 
»!tnMt  e^efj  matter,  |irf3$eiitod  m  a  comp?hdioua  fonn,  well  pfintod,  and  T«ry  cbwp," — 
Cke4tvr  ChtxmicU. 

II. 

The  Reason  Why,— General  Science* 

Tliirlj'liral  Tlioiiaand,  crown  8f0.,  cloth,  2d.  6d. 
**  What  Hwvrdn^a  '  t>iati(tniirj  of  DMm*  »  in  regard  to  IiibIpHchI  cventd  tliia  wonderfnl 
book  in  in  nwpt^t  tn  Aci^ttotlHo  f*eti^     Thn  I'lftn  of  th'd  boole  and  iLBexBeation  iMMvenolhiog 
lo  b«  dwired.*'* — Ckvrch  of  Emftawi  Mo%tki§  Revi^ev, 

ill. 

The  Biblical  Reason  Why,— Sacred  History. 

J  A  Fniiiilj  GuiiletoScriijliiro  Reflding-A,  flnd  ft  Hnnrl  book  fof  IliMioilStufltmls, 

I         With  an   Introduolion  by  a  CliTgjinan  of  the  Cburoh  af  Kngbnd,     Tenth 
^         ThouHind,  umnvrous  lUufltntion*,  erovD  Bto.^  cloth,  Sa.  6d. 

This  Workpivwnpwardriof  1.40i)RKA»OHb,foi]i]'l«l  iipou  Tliu  Bible,  and  ap«!li:nf<d  hv  ili« 
mnat  Eminrnl  l>ivinva  and  Clin»tj«n  FhH'wopijprB.  for  tb*  fjrtsnt  atid  Lll-Mb^nrUm^  Kirc-niH 
tocorJvil  in  tbc  Uiator;  uf  tb«  Bible^  the  Liff  of  our  ^MVium-,  nod  lh«  Acta  of  ibd  Arties. 
\  IV. 

The  Historical  Reason  Why,— English  History. 

TtHith  TliQuaani],  iiuiucroua  lllu»lnilion!9j  rloth,  2s.  6d, 
**TlH«i  prfv^ent  la  deMgnrd  ta  nim^Wfy  rhe  stuJ/ «f  Enelinh  Hlatorj,  find  tti  nronse  ■ 
dti^poHitLon   U  tmcfl   the  cniinect)«TJ   bclwetn  cattw  nnd  effect  is  HiBtoriciiJ  Erenta,  for 
irbicb  jtUfjiOM  H  »eplna  to  be  admirably  ftdapt«].'^*^Crtii*. 

The  Reason  Why,— Natural  History; 

GiTCB  RkasoKS  fur  about  1^500  laicrcflling  Fact*  in  «niIl9ctioi)  with  Zoology, 
aikI  MirowA  B  Light  upon  t\ic  peculinr  Habits  and  Instinrta  of  thr  variotiB 
Ordfrs  of  t!ic  Anitiiat  Kingdum,  Fifth  Xboiuand,  itumtiruua  lllust ratio u». 
Crown  HvQ.f  cloth,  2*.  6d. 

VI. 

The  Gardener's  and  Farmer's  Reason  Why; 

A  frnpuliir  Hund-buok  in  Question  aud  Answer,  coatflLinini;;  #omo  llioutnndt 
of  Heaaona,  awignod  by  Divy,  LlRlilo,  FoBuns,  Vouix-keh,  JonjrsTOX, 
BiNCLAtB^  kc,  fur  TitriouB  Va^tn  and  Phenotficina,  in  the  Ciiltivnltntt  of 
VegfUiblci  and  Tillage  of  the  Soit,  The  Autboriiy  for«ach  Thwry  or  KK|>en« 
mtMiti«j£iTm  inev«ry  tnitai)C0|  to  impart  canfldeuce  to  tbe  prat-Hloal  Opemtor. 
Mun^  lUuctraliona.     Crawn  8vo.,  rloth,  2s.  6d. 
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